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THE MICROBIOLOGICAL ASSAY OF TRYPTOPHANE 
IN PROTEINS AND FOODS 

Bt R D GRCCNi: and ARCHIE BLACK 
{From the Btolostcol Laboratortc), E It Squibb and Sont, New BrunewicK) 

(Rcccucd for publication, April 20, 1914) 

In recent papers (1-5) methods for the assay of ammo acids by bactena 
have been presented The microbiological assay of tryptophane in pro- 
teins involves special features, some of which have been described m a report 
(3) from this laboratorj Tr 3 ’ptophanc must be made available to the test 
organism and the possibilitj" that other substances m proteins may substi- 
tute for trj ptophanc must be excluded Hydrolysis by mineral acids, which 
accomplishes the first objective for most ammo acids, destroys tryptophane 
This fact made it neccssai^ to resort to enzymatic or alkaline hydrolysis for 
the preparation of test samples LaclohaciUus arahinosus 17-5 was found to 
exhibit a sensitive and reproducible response to /-tiyptophane In a study 
(3) of the specificity of this response, it was found that d-tiyptophane, 
skatolc, indolc-3 acetic acid, /3-(mdole-3)-propionic acid, 7-(mdole-3)-n- 
butync acid, trj’ptammo hydrocliloridc, and kjonurenio acid were inactive ‘ 
Indole and anthranilic acid, which were shown to be active (6, 3), could be 
separated from trj'ptophane by extraction with ether These prmciples 
have been utilized m developing a microbiological assay procedure which 
appears to be reliable for the determination of tryptophane m protems and 
foods 

EXPEmUENTAL 

Organism — In the management of stock cultures of Lactobacillus arabino- 
sus 17-5,' the accepted procedures of Snell and Wnght (7) are followed 
For the production of inoculum, the basal medium plus 05 mg of /-trypto- 
phane for 10 cc IS used 

Basal Medium — The composition of the basal medium (Table I) for 
tryptophane assay differs essentially from that employed in the Snell and 
Wnght macm assay method (7) only in the omission of tiyptophane and the 
mclusion of macm For the preparation of the hydrolyzed casein supple- 
ment, 200 gm of casein (vitamin-free, Smaco) are hydrolyzed with 1000 cc 
of 20 per cent hydrochloric acid by boiling under a reflux for 8 hours After 

' Kynurenme sulfate also has been found to be inactive at a level of 100 y The 
authors ate indebted to Dr R W Jackson, Eastern Regional Research Laboratory, 
United States Department of Agriculture, for this substance 

* The original culture was secured from the American Type Culture Collection, 
School of Medicme, Georgetown University, Washington, D C 
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TRYPTOPHANE ASSAY 


distillation in vacuo until a thick syrup remams, 750 cc of water are added 
and the distillation is repeated The residue is dissolved in water and the 
solution IS adjusted with sodium hydroxide to pH 3 and diluted to 2000 cc 
The solution is stirred with 40 gm of norit A at 50-60° for 1 hour and fil- 
tered The filtrate is adjusted to pH 6 8 wnth sodium hydroxide The 
volume IS readjusted to 2000 cc and the solution is kept under toluene 

Table I 

Composition of Tryptophane-Free Basal Medium 


per cent 

Charcoal-treated hydrolyzed casein 0 6 

Cystine 0 01 

Glucose 1 0 

Sodium acetate 0 6 

m% per cent 

Adenine sulfate 1 0 

Guanine hydrochlonde 1 0 

Uracil 1 0 

Thiamine hydrochlonde 0 02 

Niacin 0 02 

Pyridoxine hydrochlonde 0 02 

p Aminobenzoic acid 0 02 

Calcium pantothenate 0 02 

Riboflavin 0 02 

Biotin 0 00004 


Inorganic salt Solutions A and B,* 0 05 cc each per 10 cc medium 

* Solution A, KH POi 25 gm , KjHPOi 25 gm , nater to make 250 cc , Solution B, 
■^804 7H 0 10 gm , NaCI 0 5 gm , FeS 04 7H 0 0 5 gm , MnS 04 4H 0 0 5 gm , 
,.ter to make 250 cc 


Trealmenl of Samples 

The test materials embraced in this study include samples of several 
purified seed globulins,^ other proteins of grades available at technical or 
commercial supply houses, and various ammal oi plant products from local 
markets Dry matenals are finely ground, fresh tissues are first dned at 
100-105° sufiicientlj’^ for gnnding, or are homogemzed directly with a War- 
ing blendor 

Pancreatic Digestion — ^With dry proteins, 0 1 gm is made up to a 0 1 per 
cent solution or suspension at pH 8 2 and 5 mg of pancreatm (Pfanstiehl, 
1 1 10) are added , with w et or protein-low samples, the above concentrations 
of protein and panel eatm are approximately mamtamed The mixture is 
incubated at 37° for 24 hours In some cases prelimmary treatment of 

’ The samples of seed globulins (8) were obtained from Dr E L Smith, Biological 
Laboratones, E R Squibb and Sons 
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simples bj (n) dig&slion with 1 per cent of pepsin (Pfansticlil, 1 10,000) at 
pll 2 for 5 to 8 hours or (6) autocla\ ing a Buspcnsion of the sample m w-ater 
for 0 5 hour at 15 pounds pressure improved pancreatic digestion In any 
case the pincrcitic digest is adjusted to pll 4 and extracted successively 
with two 100 cc portions of cth\l ether followed by 30 cc of toluene The 
resulting solution is adjusted to pll 6 8 for ossaj A blank trj'ptophane 
value for the pancrcatm is obtained bj' autolj'sis and assaj under the same 
conditions 

Bamim Hydroxide Digestion — The method of banum hjdroxidc digestion 
reported previouslj (3) for the liberation of trj'ptophane from casein was 

Taiiii, II 


liccorcry* of I Tryptophane after Barium Hydroxide Digestion 


Mftteruil 
atu) ed 

1 Toptopbane 
add^ 

6 hrs 1 

10 hrs 

Found 

Rtco\ CO 

Found 

Recovery 


frr cent 

fer efnt 

per cent 

t>er een! 

per eent 

Control t 



07 


93 

Casein 

0 00 

1 07 

03 

1 02 

94 


1 00 

2 00 


1 00 


Beef 

0 00 

1 15 


1 09 



1 00 

2 21 

ICO 

2 13 

104 

Peas 

0 00 

0 17 


0 lb 



1 00 

1 24 

107 

1 22 

104 


0 00 j 

0 OOG 


0 oeo 


Corn j 

1 00 ' 

1 17 

110 

1 

1 00 

1 ! 

102 


* All rccovcrj values were obtained bv multiplication of direct ass'i> values bj 2 
to correct for racemirntion Results arc expressed in terms of nr dnod materials as 

assajed, as in Tables III and IV 
t Pure I tryptophane 

studied bj’ recoveiy experiments with pure tryptophane and protem mate- 
nals plus tryptophane It was found that recoveries of trj'ptophane were 
approximately constant when the samples were autoclaved w'lth 5 n banum 
hydroxide for 6 to 10 or even 15 hours When multiplied by 2 to correct 
for racemization, the results (Table II) indicated quantitative recovery of 
tryptophane Results obtained after 4 hours digestion with banum hy- 
droxide indicated incomplete racemization of trj'ptophane On thebasis 
of these ex^penments the follow'ing procedure was adopted for the prepara- 
tion of samples 0 5 gm of pow dered sample is mixed with 4 2 gm of anhj - 
drous banum hydroxide and 8 cc of water in a 25 cc Pyrex Erlenmeyer 
flask and autoclaved for 7 hours at 15 pounds pressure The hj'drolysate 
IS transferred with the aid of hot water and a rubber policeman to a 250 cc 
centrifuge bottle, and 10 n sulfunc acid is added until pH 4 is reached The 
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mixture is then diluted to 101 6 cc (the banum suKate occupies a volume of 
15 cc ), mixed thoroughly at 50-60®, covered, and nentnfuged The 
separated hqmd is cooled and extracted successively Tvith two 100 cc por- 
tions of ethyl ether followed by 30 cc of toluene The resultmg solution is 
adjusted to pH 6 8 for assay. 

Assay Procedure 

The response of Lactobacillus arabinosiis to 1-tryptophane (Fig 1) shows 
a rise in production of 0 1 n acid from a negative control of about 0 3 cc to 
over 9 cc m the presence of 20 7 of tryptophane In ohtainmg a standard 
curve for assay, Z-tryptophane (Merck) is used at levels of 0, 2, 4, 6 , 8 , 10, 
and 12 7 per assay tube Dilutions are prepared as desired from a stock 



1 la 1 Response of Laciobactllus arabtnosus to f-tryptophane 

solution contaimng 1 mg per cc , which is kept cold under toluene and re- 
newed at 2 week mtervals 

It has been the general practice to prepare the basal medium at twice the 
concentrations shown in Table I, allowing for additions of standard and 
sample solutions before dilution of the contents of each tube to 10 cc for 
assay In the assay of matenals fairly rich m tryptophane a more convem- 
ent procedure may be followed The basal medium is made directly to full 
volume and is distributed mto test-tubes m 10 cc portions Smtable 
amounts of standard and sample solutions, not exceedmg 0 6 cc per tube, 
are then added The autoclavmg, moculation, mcubation at 37° for 72 
hours, and measurement of response by titration follow recogmzed pro- 
cedures (7) 

Assay RestiUs 

When pancreatm is used for the preparation of samples, direct assay 
results require correction for the tryptophane content of the pancreatm, 
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while remits on binum Indrotidc treatment arc multiplied by 2 to 
correct for nrcmration Tlic data presented (Tables II to I\^ as c.adence 
of the rcliabilita of tins a'raj method arc ba'cd on the use of banum hj- 
droxidc, since it appears to be more satisfactorj for the preparation of 
matenak for nr'aa 

The rcsulLa in Table II haac been cited ns c.idcnce of the quantitative 
rccoacn of traptophane added to natural products ‘R'hen assaa results 

Tajilv III 


c' ^fe‘t'trU CcIcLlc’rd fre-i Dtf f~en' Anaj L^ch 
Dirrct a.*-ia rc'iillr nflrr banum hadrotidi' dicMtioa were multiplied b> 2 


Ll"*! b^iCl j 

u 

\ 

r*fal 


Z. 4 z:b ccjcle 

1 

|HSS 

agm 

||MM| 

1 



P«f*tur i 
t=br 1 









Tcz-‘ 

Ccslrrt 1 

IIQfl 


Cc“!«t 



Ccatert 

1 

7 

frr emt 


7 

frr ertt 


7 


1 i 

2 2 

0 2 ! 

0 0 

2 as 

0 cs 

0 5 

2 9 

■m 


i 1 

0 23 

1 s 1 

5 5 

0 GI 

1 0 

5 S 

KBBm 

WM 

0 s 

ma 

27 : 

S 1 

0 CO 

1 5 

7 S 5 


Aa crace 

0 21 



0 C 2 



1 12 


Tahix rV 

fleproducibiltlj of Aisajs 


Direct iu-*a\ mulls after banum h>droxjdc dij^cstioa iserc multiplied b> 2 


Mitcnil i 

Tnrptcpbise ccslet 

A-uy J 

As jy 2 

A— ay 3 

Atnst 


ffr 

fer cs9t 

fer ert 

fer 

‘' 0 > bean protein j 

I 02 

0 DC 

0 9S 

0 99 

Gliadin ! 

0 02 J 

0 5C 

0 5S 

0 Sa 

IVholc miU powder 

0 32 i 

1 0 30 

0 31 

0 31 

I-actalbumin 

1 57 

, 1 €2 

1 59 

1 1 59 

Rolled oats 

0 20 1 

1 0 21 

0 20 

0 20 


are calculated from difTcrent sample lea els (Table III), there is excellent 
agreement and no significant drift aaath increa.'^e m the size of the sample 
In repetition (Table IV) of assaa’s of a given sample the replicabfiitj of re- 
sults IS satisfactorj Table V contains microbiological assay results for 
trj'ptophane and also nitrogen contents, calculated on a moisture-free basis, 
of a number of proteins and foods of various types Assaj results based on 
banum hj droxide digestion are compared in mana cases mth data based on 
pancreatic digestion 
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Table V 


Mxcrobtologtcal Values for Tryptophane tn Proteins and Foods 
The samples were digested with pancreatin or banum hydroxide for tryptophane 
assay 




Tryptopbanc • 
actual 

Tiyptopbane based on 16 0 per 
ceatN 

Bibliographic 

reference 

No 

Material 

Nitro- 

gen* 

Pan 

creatin 

Bar 

ium 

drox 

ide 

Pan 

creatin 

Bar 

ium 

dro- 

aide 


Literature! 


per 

cent 

per cent 

per 

cent 

Per 

cent 

per 

cent 


per cent 


Casein A 

14 55 

1 06 


1 17 





" B 

14 18 

1 07 


1 21 

1 24 




•• C 

14 76 

1 10 


1 19 

1 18 


1 21, 1 22, 1 3 

9, 10, 11 

D 

14 78 

1 09 

1 11 

1 18 





“ E 

RXt! 


1 13 


BKI 




Soy bean Protein A 

16 16 

1 05 

iMtbl 

■ ■tl 

R!l 




<< tl tt g 

15 68 


1 17 


1 19 


1 5 

12 

** tt << ^ 

15 35 




1 14 




Lactalbumin 

13 14 


1 69 


jiliK 


2 35,2 14 

11,13 

Ovalburmn 

Seed globulin, Squash 

12 84 

1 17t 

1 18 

1 46 

1 47 


1 35, 1 26, 1 6 

14, 15, 11 

A 

Seed globulin, Squash 


1 68 

1 74 

1 46 

1 51 


1 46 

8 

B 

18 29 

1 65 

1 78 

1 44 

1 56 




Seed globulin, cucum- 
ber 

Seed globulin, water 

17 87 

1 67 

1 94 

1 50 

1 74 


1 49 

8 

melon 

Seed globulin, tobac- 

18 36 

1 79 

187 

1 56 

1 63 


1 54 

8 

CO 

iBliK 

1 30 

1 49 

nw 

1 25 


1 21 

8 

Gliadin 

16 74 

0 51 

0 62 






Zein A 

14 90 

0 03§ 

0 09 


0 10 




•' B 

15 08 




liliK 




Gelatin 

17 56 








Peptone (Bacto) 

15 79 

0 22 


1 a 

liiar 




Beet round 

13 41 

0 82|1 


1 w 

1 41 


1 35 

16 

Pork loin 




! S 

1 37 


1 31 

16 

Lamb “ 

12 48 



1 i 

1 42 


1 44 

16 

Beef pancreas 

11 12 


0 53 

i i 

0 76 


1 3 

11 

Dried liver 

10 12 


[na 

1 m 

1 62 


1 55 

16 

Whole wheat 

2 91 

im 


1 s 

1 16 

0 41-0 55, 0 84 

17, 12 

White flour 

1 82 


0 14 


1 23 


12 

Yellow com 

1 42 



IjMjg 

0 84 


12 

Rolled oats 

2 45 

IiWm 

0 22 


1 44 




Polished rice 

1 28 


0 09 


1 13 



18 

Peas 

3 62 


0 18 




1 
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Tatilp V — Conditdtd 




TrrptopJutit • 
ictufti 

. 

Tr7ptor^»n 

e b*»ed on 16 0 per 
cent N 

UJbllojfTtpblc 

reference 

No 

VttcUl 

VltrtH 

era* 

ctrtUn 

Itftr 

turn 

d-ii. 

Idr 

run 

ctrtUn 

nir 

(urn 

droi 

He 

LUcnturct 



fff 

€tnt 

(tnt 

€fnt 

frr ernt 


IvnM bcann 

8 GS 







Iimi “ 

^ Cfl 




] It 



Soj flour, fnt free 

n A'\ 

0 10 

^1 

IQ 

1 1(1 

1 5 

12 

" " low fnl 

<! '■.'1 

0 tl 


ftlft 

1 23 



Dncd milk 

a 01 


0 32 


1 31 

1 32, 1 C 

IG, 12 

" xrv'l 

7 to 

0 39 

0 Gt 

0 82 

1 32 

1 i 

12 

Linfccd mcil 

G ir, 


0 <M 


1 50 


HH 


• Nitropcn ivnd tnptopliinc nrc cilculntcd on n moisture free basis Moisture 
Tvas determined li\ dr\inf; to constant wciRhl at 110' 

t Trj ptoplinne \ slues on llie basis of 1C 0 per cent nitrogen are cited directly from 
tlic literature or recalculated from the reported nitrogen content 
J Pancreatic digestion \sas preceded bj mitoclaaing forO 5 hour 
{ The sample wm digested Mith 2 per cent of pancrcatin 

li The sample naa nuloclaacd for 0 5 hour, digested nith pepsin for 8 hours, and 
then With pancrcatin 


DISCUSSION 

In tlic senreh for a rclialilc mctliod for making trj plopliane available to 
Laclohaallus arabinosus, a study of cnrjmcs, especially pancreatm, was 
made How c\ cr, it appeared tliat tlic conditions for complete liberation of 
trj ptophanc bj enzj mas a aned w ith the substrate, as noted by Mitchell 
and Hamilton (19) Furthermore, the pancrcatin preparations contamed 
1 to 1 5 per cent of tr} ptophanc, which introduced a considerable correction 
factor On the other hand, banum hj dro\ide produced complete hydroly- 
sis without significant destruction Complete racemization took place 
under the experimental conditions, so that the observed values were multi- 
plied bj 2 The data in Table V show the supenonty of the banum hydrox- 
ide hjdroljsis In general, the results agree with those reported m the 
more recent literature, when compared on a common basis For purposes 
of comparison, there are included in Table V the results of this study and 
values from the literature, which have been calculated on the basis of a 
nitrogen content of 1C per cent In some cases in which such values were 
not reported, it w as necessary to calculate the figures from reported nitrogen 
contents 
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SUMMAHY 

Previous studies of the tryptophane reqmrement of Lactobacillus ardbino- 
sus 17-5 are extended and apphed to the microbiological determination of 
tryptophane m vanous matenals A comparison of banum hydroxide and 
pancreatm for the hydrolysis of proteins indicates that the former is more 
generally applicable to the preparation of samples The method satisfies 
customary cntena of rehabihty with respect to recovery of tryptophane 
and concordance of results calculated from different sample levels and m 
mdependent assays The results are m general agreement with many val- 
ues obtamed by chemical methods which are found m the literature 
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A REPORTISD GRO^\ TH STIMULANT FOR 
LACTOBACILLUS CASEI 

llT 1 DITH JU-inVA cnu* AND nOGLR J WILLIAMS 

(frnrt I/e Unifernlu of Teinn, Jlinehrnneat /nrltlulr, and the Clai/lon ronndalton for 

Ih’tareh, Au’lin) 

(Itpcmcri for piihlirfilton, Mn^ 15, lOlJ) 

Polhck nnd 1 indnor (1) Inxc reported the cMstcnce in nnlurnl extracts, 
particulnrh in iFon's peptone, of n frrowtli slimulant of unknown nature 
r\liich IS cfTectnc for Tjoclolaallwi corn 

In the course of follomnp up this uork it i\ns found possible to improve 
the li'isal me<hum used, h\ the addition of a mixture of known compounds 
WHicn, for example, n modified basal medium conLaining 1 2 mg of pyn- 
doxinc, 0 ^ mg of p aminobcnroic acid, and 0 2 gm of asparagine per liter 
vas used, the addition of iFon’s pejitonc was found not to have a stimu- 
lating cfTcct 

The three additions mentioned were cs.-eiitinl for a maximum icsponse, 
the addition of p amuiobcnroic acid alone had an inliibitorj' cfTcct The 
incrcx'ed concentration of pj ndoxinc was beneficial because “pscudopyn- 
doxinc” IS the sulistancc utihrcd 1)\ LaclobaciUvs caset (2), and it is not 
formed in optimal amounts unlc's the pj-ndoxine concentration in the 
medium is rclatn elj high 1 lie amount of asparagine used was relatively 
high and its effect when used alone was sufiTicicntly small to justify the 
negatne result reported b^ Pollack and Lindner 

Subsequent to these prcliminaty experiments an attempt was made to 
prepare a mixture containing glutamine (which was found by Pollack and 
Lindner to be 5 to 10 times ns potent as Wilson’s peptone), p aminobenzoic 
acid, and "pjndoxnl” (3) which would, when added to Pollack and Lind- 
ner’s basal medium in low concentrations, simulate or reproduce the effect 
of adding Wilson’s peptone The extent to which this was successful is 
indicated in Table 1 The mixture contained 25 C parts of glutamme to 
0 001 part of p aminobenzoic acid, and 0 02 part of pyridoxal, and the 
tests were earned out in accordance with the procedure of Pollack and 
Lindner except that the test media were steamed instead of autoclaved 
before inoculation 

Separate tests not leportcd in detail showed that the mixture mentioned 
above was from 40 to 102 times as potent on a weight basis as Wilson’s 
peptone Since the growth-stimulating effect of the mixture is substan- 

* Oil sabbatical leave from the National Southwest Associated University, ICun- 
imnp, unnan, China 
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GROWTH BTIMTJIiANT FOR L CASEI 


tially equivalent to that of the peptone, regardless of the manner of testing, 
it appears that the magmtude of the effect of the peptone might be e.\- 
plamed if it contamed from 1 to 2 per cent glutamme and small amounts 
of p-ammohenzoic acid and pyndoxal However, Pollack and Lmdner 
have indicated that glutamme is more readily hydrolj’-zed than the “pep- 
tone factor ” This would seem to rule out glutamme as an active agent 
unless the possibihty of its bemg protected from hydrolysis by combmation 
or adnuxture with peptone constituents were considered senously The 

Table I 


Comparative Effects of Peptone and a Known Mixture 


Amoont of peptone m test 

Amount of mixture in test 

Turbidity (galvanometer divisions) 

y 

y 


0 

0 

46 5 

100 

0 

63 

250 

0 

65 

375 

0 

68 5 

500 

0 

66 

0 

0 

46 5 

0 

2 56 

56 

0 

17 0 

59 5 

0 

25 6 

62 

0 

51 2 

67 

500 

0 

66 

500 

2 56 

64 

500 

5 12 

75 5 

500 

7 7 

72 5 

500 

12 8 

75 5 

0 

25 6 

62 

125 

25 6 

70 

250 

25 6 

72 

375 

^ 25 6 

76 


fact that asparagine m sufficient quantities can take the place of glutamme, 
and the obsenmtion of Pollack and Lmdner that a mixture of ammo acids 
was alone stimulative, suggest that the physiological activity of the pep 
tone IS probably due to its content of p-ammobenzoic acid, material ivith 
vitamm Be activity, and various ammo acids and peptides rather than to 
the presence of a smgle unknown “peptone factor” as postulated as a result 
of the previous mvestigation Because of this probabilit}’^ and the diffi- 
culty of establishmg a satisfactory test for any postulated unknowu 
substance, attempts at isolation wull not be carried fonvard 

SUJIMARl 

Evidence is presented which leads to the conclusion that the effect of 
Wilson’s peptone m stimulatmg the growth of LaclohaciUus casei observed 
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by Pollack and Lindner is probably due to its content of p-aminobenzoic 
acid, material ivith vitamm Bs activity, and vanous ammo acids and pep- 
tides rather than to the presence of a smgle “peptone factor ” 
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CHOLINE DETERMINATION IN PHOSPHOLIPIDS 


Hydrolysis of Phospholipid — The methanol-ether solution of phospholipid 
IS evaporated to about 5 cc 15 cc of a saturated Ba(OH)2 solution are 
then added and the flask placed on a steam bath m direct contact with steam 
for about 2 hours and frequently shaken When the mixture is brought 
almost to dryness (1 to 3 drops), it is acidified with 1 7 cc of 6 n HCl and 
the mixture heated on the steam bath for a few moments with shaking to 
insure complete acidification 15 cc of petroleum ether are added to the 
flask It IS then heated on the steam bath and shaken well, and just as all 
bubblmg ceases, the petroleum ether phase is poured off, while the aqueous 
phase IS retained in the side arm The aqueous phase is then extracted 
twice more in a similar manner with two separate 15 cc portions of petro 
leum ether The petroleum ether serves to extract the fatty acids and is 
discarded 

Precipitation of Choline in Centrifuge Tube — 5 to 8 drops of distilled water 
are added to each flask and the flask warmed on the steam bath until all 
salts are dissolved The warmed solution is transferred -without loss to a 
15 cc graduated Pyrex centrifuge tube The flask is washed with two 2 
cc portions of 1 2 n HC3 and the washings transferred to the centnfuge tube 
The final volume m the centnfuge tube amounts to 7 to 9 cc 

The remecLate solution for the precipitation of cholme is prepared just 
before use by dissolvmg 2 gm of finely powdered ammomum remeckate 
(Hoffmann-La Roche) in 100 cc of 1 2 N HCl and filtenng it To the aque- 
ous phase m the centnfuge tube are added slowly and with stirnng 5 cc of 
the remeckate solution and the mixture is allowed to stand for 30 minutes, 
dunng which time it is frequently agitated -with a glass rod This imxture 
IS then centrifuged for 10 mmutes at a speed of at least 2500 r p m and the 
supernatant contammg the excess remeckate is carefully decanted While 
the tube is still mverted, its mouth is wiped clean m order to remove the 
excess remeckate as completely as possible The stimng rod used pre 
■viously IS returned to the tube and approximately 3 cc of 1 2 n HCl 
delivered mto the tube m such a manner as to wash doivn its sides and the 
stimng rod The mixture is stirred -with the mmimum of agitation required 
for the adequate washing of the precipitate Prolonged agitation should be 
avoided, especially mth small samples of cholme, m order to prevent solu 
tion of the precipitate The stimng rod is now removed and the contents 
of the tube centrifuged agam for 10 mmutes at 2500 r p m The supema 


into the flask at an angle of 45° about 3 cm from the top This type of flask is par 
tioularly useful for the extraction of lipids from an aqueous phase of small volume 
After the aqueous phase is shaken ivith petroleum ether, it is allowed to stand until 
the petroleum ether phase is clear The petroleum ether is then decanted, the nque 
ous phase being caught in the side arm The aqueous phase is then reextracted in a 
similar manner several times with fresh portions of petroleum ether 
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tant IS discarded and the mouth of the tube again wiped clean After the 
choline reineckate is completely dissolved m 6 to 10 cc of acetone, the tube 
IS centnfuged for 5 minutes 

The volume in the centrifuge tube is read to 0 05 ec and the solution 
decanted into a colorimeter tube The latter is stoppered to prevent evapo- 



Fig 1 Plot of galvanometer readings against choline chloride 

ration of the acetone The color is determined in a IQett-Summerson 
photoelectric colorimeter containing the No 54 filter (500 to 570 mu) 
Samples that contained small amounts of choline v ere made up to small 
volumes in order to obtam colors that were intense enough to be read accu- 
rately on the colorimeter and that still obej’^ed Beer’s lav The rmnimum 
volume that could be used for a colorimetric reading is slightly over 5 cc 
Standards — In all choline detemunations standard samples contaming 
knoivn amounts of cholme were precipitated with remeckate and run along 
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CHOLINE DETERMINATION IN PHOSPHOLIPIDS 


w ith the unknown samples The standard choline solutions u eie prepared 
from choline chloride that had been recrystallized from absolute alcohol 
and dned m the \ acuum desiccator An aliquot of a standard solution pre 
pared from such choline is transferred to a 15 cc giaduated centrifuge tube, 
1 4 cc of 6 N HCl added, and the volume in the tube made up to 7 cc with 
water The choline is precipitated as descnbed above In Fig 1 the gal 
vanometer readings (coriected to a 10 cc basis) hai e been plotted against 
the amounts of choline cliloride precipitated 
The degree of \ariation in the colonmetnc readings ot acetone solutions 
of choline reineckate obtained aftei precipitation of standard solutions of 
choline chlonde as described above ls shown in Table I The TnnMmnin 
difference betw een analyses carried out on eight different days amounted to 
about 5 pei cent Consequently the amount of choline in an unknoivn 
solution can be determined to mthm 5 per cent merel> by reference to the 


Tabia: I 

Extent of Variation in Colonmetcr Readings from Day to Day 


Total No o{ 
analyses (8 separate 
experiments* each) ^ 

Choline chlonde pptd 

Mean colorimeter 
readme 

i 

Standard deviation 

21 

mg 

1 90 

76 5 

±1 15 

21 

2 85 

116 5 

±1 87 

16 

4 75 

196 

±2 66 


* Each experiment was conducted on a different day 


standard curve shown in Fig 1 In this laboratory, however, a new stand- 
ard ciuwe was piepared with each set of choline determinations, in this waj 
the error of each determination is probablj i educed to not more than 3 per 
cent 

Calculations — In the calculations all the readings were converted to a 
basis of 10 cc volume For example, a sample which at a volume of 0 4 cc 
gave a colorimeter reading of 147 would, if it had been made up to 10 cc , 
give a reading of 6 4/10 X 147 = 94 The choline values corresponding to 
the colonmetnc readings corrected for a volume of 10 cc w ere then obtained 
from a chart prepared after the manner descnbed for Fig 1 

Test of Method 

Beer’s Law — Standard samples containing from 0 95 to 14 25 mg of cho- 
line chlonde were precipitated in centnfuge tubes as descnbed above and 
the color obtained measured m the Klett-Summerson photoelectnc colon- 
meter In Fig 1 the galvanometer readmgs (com erted to a 10 cc basis) 
have been plotted against the amounts of choline chlonde precipitated 
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Since the galvanometer scale of this colorimeter is graduated logarithmi- 
cally, Fig 1 show’s that the colors produced over a range of 0 95 to 14 25 mg 
of choline chlonde obey Beer's law The fact that (he straight line passes 
through the origin may be taken as evidence that foi choline samples of 1 mg 
or more a sigmficant quantity of the choline reineokate precipitate is not lost 
bv washing the precipitate wuth 3 cc of 1 2 n HCl 

Tabte II 

Kecoiery of Choline Added to Liver Phospholipid 


All choline values are e\pressed as the chloride 


iixpermieat 

No 

Chohne added 
to sample 

Choline initially 
present in 
sample 

Total chohne 
found m 
sample 

Recovery ol the added chohne 


ffljT 

m 

mt 

ffg 

per cent 

1 

1 87 

0 

1 87 

1 87 

100 

2 

2 81 

0 

2 85 

2 85 


3 

4 68 

0 

4 77 

4 77 


•1 

1 87 

3 17 

4 96 

1 79 


5 

1 87 

2 22 

4 23 

2 01 

107 

6 

1 87 

1 59 

3 62 



7 

0 935 

1 27 

2 22 

0 95 


8 

0 935 

1 59 

2 55 

0 96 


9 

2 81 

1 59 

4 47 

2 88 


10 

2 81 

2 22 

5 10 

2 88 

102 


Table III 


Fffect of Duration of Hydrolysis on Amount of Choline Liberated from Ltver Phosphv 

Itptd 

All choline values are expressed as the chlonde 


Sample No 

Duration of 
hydrolysis 

Chohne found 

Sample No ^ 

Duration of 
hydrolysis 

Chohne found 


hrs 

m 


hn 

m 

1 

2 

2 85 

2 

2 

4 55 


3 

2 85 


3 

4 50 

j 

4 

2 85 


4 

4 55 

1 

! 

5 

2 85 


5 

4 55 


Banum Hydroxide Hydrolysis — In order to extract completel}' the hydro- 
lyzed fats and to keep the volume of the aqueous phase small, the mixture 
was concentrated almost to dryness durmg the hydrolysis with Ba(OH)s 
It was therefore desirable to know whether this treatment affected the re 
covery of chohne The following experiments w’ere earned out to test this 
point 

Known amounts of chohne were added to 15 cc portions of saturated 
Ba(OH)s and the mixtures treated as outlmed m the “Procedure” above 







18 


CBOLINE DETBR^^^''^TIO^ IN PHOSPHOLIPIDS 


From the first three results recorded m Table II it can be seen that treat- 
ment avnth Ba(OH)i has no destructive action on choline 

In Expenments 4 to 10 (Table II) the choline content of a methanol-ether 
solution of phosphohpids v as determined To another aliquot of the same 
solution, known amounts of a standard choline solution were then added and 
the total choline content measured The results obtamed mdicate that 
added cholme can be quantitatii el} recovered when treated with Ba(OH)» 
in the presence of phospholipids 

The effect of duration of hj^drol}'sis wnth Ba(OH). on the recoven of cho 
Ime from phospholipids is shown in Table III It is evident that hvdrolj sis 
IS just as complete in 2 hours as it is m 5 hours Tlus ma\ be taken as evi 
dence that practicallj all the cholme combined in li\ er phospholipids us 
liberated b} the banum hydrolysis procedure used here Further evidence 
for this view is supplied in the following paper, in w hich chohne to phospho 
nis ratios of almost umty were obtamed from phospholipid samples by 
banum hydroxide hydrolysis It is unhkely that such ratios would have 
been obtained if the hydrolysis with the banum hydroxide were incomplete 

DISCOSSION 

The present method has been limited to the measurement of the chohne 
content of phospholipids, and no attempt has been made to apply it to other 
biological matenals Presumably it is subject to the same limitations as all 
1 mods in w hich remeckate is used as a precipitation agent for chohne It 
•ns the advantage, how'ever, of giving complete precipitation of chohne 
withm 30 nunutes at room temperature, moreover, the high concentration 
of remeckate m the dilute hydrochlonc acid makes possible the determina 
tion of chohne over a wide range 

That the precipitation of chohne is quantitative between 1 and 14 mg 
IS suggested bj^ the observation that the straight hne shoivn m Fig 1 passes 
through the ongm TnpUcate values that agree witbn 3 per cent were 
obtamed from analyses of samples contammg 1 to 14 mg of chohne chlonde 
■WTien the samples analyzed contamed less than 1 mg of chohne chlonde, 
there w as a tendency for the recovenes to be low’, an observation that indi- 
cates that some loss occurs when small amounts of precipitated cholme are 
washed with hj drochlonc acid 

SOMMAKY 

A rapid and accurate method for measunng chohne by precipitation with 
remeckate m dilute hydrochlonc acid is presented 
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AN ADSORPTION PROCEDURE FOR THE SEPARATION OF 
CHOLINE-CONTAINING FROM NON-CHOLINE-CONTAINING 
PHOSPHOLIPIDS OF LD^R 

ByALVI\TAUROG,C ENTENMAN, B A FRIES, and I L CHAIKOFP 
(From the Dnnfjon of Pkyainlogy, Umverstly of California Medical School, Berleley) 

(Received lot publication, Alay 23, 1944) 

Investigations in phospholipid metabolism have been handicapped by 
lack of a satisfactorj’’ method for the resolution of mixtures of tissue phos- 
pholipids Various methods for separatmg phospholipids have been sug- 
gested, but none has proved to be entirely satisfactory 
Petroleum ether was used for separating lecithin and cephahn from 
sphingomyelin by Hevesy and Hahn (1) and by Chargaff (2) These i\ ork- 
ers claimed that, when a lipid extract was concentrated to drjmess and the 
residue treated with cold petroleum ether, the lecithins and cephahns v ere 
dissolved and thereby separated from the insoluble sphingomyehn The 
cephalin fraction was then separated from the lecithin by precipitation inth 
alcohol The individual phospholipid fractions were further purified by 
repreoipitation Since these investigators (using radioactive P) were pn- 
manly interested in the specific activities of the various phospholipid frac- 
tions, they were not concerned with the loss of matenal involved in the 
purification of the individual fractions Unfortunately, no data were 
presented on the effectneness of the separation, and so it is difficult to 
evaluate this procedure The use of alcohol for the precipitation of 
cephahn, however, is contraindicated by the findmg of Folch (3) that 
phosphatidyl ethanolamine is freely soluble in alcohol Moreover, the 
methods used by Hevesy and Hahn and by Chargaff are not satisfactory 
when only small amounts of phospholipid are available or when information 
on the actual amounts of the different phospholipids is desired 
Another method of separation was introduced by Kirk (4) In this 
method the phospholipid mixture is first precipitated with acetone and 
MgClj and then extracted mth moist ethyl ether According to Kirk, 
moist ethyl ether dissolves lecithin and cephahn but not sphingom 3 '’ehn 
This method has been criticized by Sinclair and Dolan (5) and by Ramsay 
and Stewart (6) Sinclair and Dolan maintam that the phospholipid frac- 
tion not dissolved bj"^ treatment of the precipitated phospholipids with moist 
ethyl ether does not consist primarily of sphingomyehn but is merely a 
portion of the mixture of all phosphohpids present Furthermore, they 
report that the percentage of ether-insoluble phospholipids is a function of 
the amount of MgCL added during the precipitation with acetone 
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SBPARA'^0^ OF LIVER PHOSPHOLIPIDS 


Remecke salt as a specific precipitating agent for sphingomyelin was firet 
used by Thannhauser and Setz (7) and subsequently adopted by a number 
of other workers (8-13) Enckson et al (9) and Hunter (11) have presented 
data in support of this method Employing samples of sphmgomyehn that 
ivere 70 to 90 per cent pure, the former reported recoveries of 76 to 113 per 
cent by this procedure When knoivn amounts of the sphmgomyelm prep 
aration were added to stroma e\tracts, the recovenes varied betv een 97 and 
1 10 per cent These results do not preclude the possibility of precipitation 
of phospholipids other than sphmgomyehn vhen reineckate is added to a 
mixture of phospholipids As yet, there is no conclusive evidence that 
lemeckate precipitates sphmgomyelm quantitatively and specifically (le 
free from other phospholipids) from lipid extracts of tissue In rats mai n 
tamed on a uniform diet Artom and Fishman (13) found such mdelj’^ varj'- 
mg amounts as 10 and 680 mg per cent of hver sphmgomyelm by the 
reineckate precipitation method Indeed, they state that more work is 
required to establish the significance of their data on sphmgomyehn 

The determmation of the mdividual phosphohpids m mixtures need not 
involve the actual separation of any one of them Ramsay and Stewart 
(6), for example, have presented data on the distribution of the separate 
phosphohpids m human whole blood based on measurements of hpoid P, 
cholme, and glycerol They obtamed values for sphmgomyehn consider 
ably higher than other mvestigators Bhx (14) determmed hpoid P and 
glycerol m samples of human serum and calculated the non-glycerol phos 
pholipid (sphmgomjmlm) content, which he found to be about 13 per cent 
of the total phospholipid 

In the present communication a new approach to the separation of phos 
phohpids IS presented Prehmmai^’^ xvork* suggested that phospholipids 
m petroleum ether solution could be adsorbed on magnesium oxide and that 
lecithm and sphmgomyehn could be eluted with methyl alcohol This ad 
sorption phenomenon was then studied in detail and incorporated into a 
procedure for the separation of chohne-contammg (lecithin and sphingoim e 
lin) from non-cholme-contaimng phosphohpids (cephahns) of liver 


EXPERIMENTAL 

Extraction of Phosphohpids from Liver — extraction of phosphohpi^ 
from liver was earned out as follows The weighed tissue was 
sand m a mortar, transferred to a flask, and extracted with alcohol at 55-W 
for 2 hours mth occasional shakmg Approximately 150 cc of alcohol were 
used for 20 to 25 gm of hver The supernatant alcohol was 
through filter paper and the residue extracted with a second portion of a c 
hoi for 1 hour The contents of the flask were then poured throug 


'TJnes.B A , and Chaikoff, I L , unpublished observations 
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same filter paper and the two alcohol extracts combined The tissue 
residue was then extracted overmght with ether m a Soxhlet apparatus and 
the ether extract added to the alcohol extracts The combmed alcohol- 
ether extracts were concentrated to a small volume (3 to 4 cc ) This was 
earned out m a hot water bath (55-60°) under reduced pressure and m an 
atmosphere of COs This concentrate nas extracted with several portions 
of petroleum ether (b p 30-60°) and the petroleum ether extract made up 
to a desired volume by the addition of more petroleum ether 
Adsorphon of Phospholipid on Magnesium Oxide from Petroleum Ether 
Solution — ^The amoimts of phospholipid adsorbed from a petroleum ether 
solution by vanous amounts of magnesium oxide are shown m Table I 
Merck’s XJ S P hght magnesium oxide was used throughout Equal vol- 
umes of a petroleum ether extract of hver lipids uere added to amounts of 
MgO vaiying from 0 3 to 1 0 gm in 50 cc centrifuge tubes The MgO- 

Tablb I 

Adsorption of Dog Liver Phospholipids from Petroleum Ether Solution 
by Magnesium Oxide 

To the amounts of MgO recorded below i^ere added 15 cc of a petroleum ether 
solution containing 0 85 mg of phospholipid P 


used for adsorption gm 


B 

B 

B 

0 75 

10 

Per cent phospholipid P adsorbed 

82 

96 

100 

100 

100 

100 


petroleum ether mixtures weie stirred frequently for 15 to 20 mmutes and 
then centrifuged The supernatant petroleum ether was poured off and 
evaporated to dryness, and the phosphorus detenmned by Kmg’s method 
(15) The results shown m Table I mdicate that all the phosphohpid con- 
tamed m 15 cc of the petroleum ether solution (approximately 21 mg of 
phosphohpid) was adsorbed on 0 5 gm of MgO XXTien the quantity of the 
phospholipid solution and the amount of MgO a ere proportionally in- 
creased, the adsorption uas still complete The concentration of the 
phosphohpid in the peti oleum ether was kept nearly constant in all experi- 
ments, about 0 06 mg of phosphohpid P per cc 

Elution of Phospholipids — ^Tbe experiments of Table II were earned out 
as foUoua 25 cc of petroleum ether solutions contaimng approximately 
0 060 mg of phosphorus per cc were added to 1 0 or 1 75 gm of MgO m a 
50 cc centrifuge tube The mixiiure was stirred at frequent mtervals for 
15 to 20 mmutes and then centnfuged The supernatant, which contamed 
no phosphorus, was discarded The residue was washed inth 25 cc of fresh 
petroleum ether and the mix-ture centnfuged agam The supernatant flmd 
was agam discarded 

The MgO was now subjected to several treatments with methyl alcohol 
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In the first treatment 30 cc of the alcohol were added and the mixture 
agitated at frequent intervals for 20 minutes The mixture was then cen- 
tnfuged and the supernatant decanted The residue was washed twice 
more with 25 cc portions of methyl alcohol and the mixture stirred repeat- 
edly for 20 mmutes after each addition The methyl alcohol eluates were 
then combined and made up to volume Ahquots of the latter were taken 
for detenmnations of phosphorus and chohne Choline was determined by 
the method described in the preceding paper (16) 

Table II 


Adsorption of Rat Liver Phospholipid on MgO and Elution by Methanol 
For a description of the procedure, see the text 



Sample 

No* 

Amouot 

used for 
adsorp- 
tion 

Phospholipid added to MgO 

Phosphohpid eluted by methanol 

Extract 

Cholme 

■ 

Moles 
cholme 
Moles P 

Cholme 

P 

Moles 
cholme 
Moles P 

Recoveiy 
of chohne 
phospho- 
hpid 

A 

1 

gm 

1 0 

3 35 

tag 

3 49 

0 58 

mg 

8 36 

mm 

0 90 

per cenl 

lOQ 

B 

2 

1 0 

3 43 

1 47 

0 60 

3 42 

0 97 

0 90 

100 


3 

1 0 

3 50 

1 51 

0 59 

3 47 

0 99 

0 90 


C 

4 

1 0 

3 36 

1 52 

0 57 

3 25 

0 96 

0 87 



6 

1 75 

3 30 

1 52 

0 56 

3 36 

0 96 

0 90 



6 

1 75 

3 40 

1 54 

0 57 

3 25 

0 90 

0 93 

96 


7 

1 75 

3 40 

1 54 

0 67 

3 26 

0 90 

0 93 

96 


8 

1 75 

3 40 

1 64 

0 67 

3 30 

0 85 

1 00 



9 

1 75 

3 40 

1 54 

0 57 

3 26 

0 85 

0 98 

96 

D 

10 

1 75 

3 47 

1 54 

0 58 

3 33 

0 85 

1 00 

96 


11 

1 76 

3 47 

1 54 

0 58 

3 27 

0 86 

0 97 

91 


12 

1 75 

3 47 

1 54 

0 58 

3 19 

0 83 

0 99 

92 

E 

13 

1 75 

3 42 

1 49 

0 59 

3 25 


0 95 

95 


14 

1 75 

3 42 

1 49 

0 69 

3 28 


0 95 

96 


IS 

1 75 

3 42 

1 49 

0 59 

3 21 


0 98 

94 


♦ The results for each sample represent the average of closely agreeing duplicate 
or triplicate analyses 


Table II shows that the elution of chohne-contaimng phospholipids bj 
methyl alcohol is practically complete when 1 0 gm of MgO is used for 
adsorption However, under these conditions the cholme to phosphorus 
ratio of the eluted phospholipids was about 0 90 Smce the cholme to 
phosphorus ratio m pure chohne-contaimng phospholipids would e ei 
pected to be umty, the finding of a ratio of 0 90 may be taken to m w ® 
that the methanol eluate contamed an appreciable amount of some non 

chohne phosphohpid , 

In an attempt to find conditions that would yield higher latios, cnang 
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in the pH of the methanol and effects of increase of temperature were tested 
No consistent differences were observed when elution was earned out at 50° 
instead of at room temperature Changes m the pH of the methanol also 
failed to raise the choline to phosphorus ratio But when the amount of 
MgO was raised to 1 75 gm , the choline to phosphorus ratio of the eluate 
was found to be close to umty (Table II) The recovei^' of cholme m the 
eluate under these conditions w'as about 95 per cent 
Adsorphon of Phospholipid from Methanol by MgO — In the above expen- 
ments the phospholipids w ere first completely adsorbed from a petroleum 


Table III 

Adsorption of Liver Phospholipids Directly from Methanol 
For a description of the procedure, see the text 





Amount 

of 

used lor 1 
adsorp- 
tion 

Phospholipid added to MgO 

Phosphohpid that remained : 

in methanol 

El tract 

Sample 

No* 

Phospbo* 
bptd from 
IJVCf of 

Choline 

D 

Moles 
cholme | 
Moles P 1 


1 

Moles 
cholme 
Moles P 1 

Chohne 

phospho- 

hpid 

recovered 

in 

methanol 

F 

1 

Rat 

1 0 

mg 

3 51 

mg 

1 51 

0 69 

mg 

3 49 


0 90 

per cent 

99 

G 

2 

(< 

1 75 

3 42 

I 49 

0 59 

3 36 

0 88 

0 98 

98 


3 

(( 

1 75 

3 42 

1 49 

0 59 

3 25 

0 85 

0 98 

95 


4 

“ 

1 75 

3 42 

1 49 

0 59 

3 30 

0 91 

0 93 

96 

H 

5 

Dog 

1 5 

3 56 

1 55 

0 59 

3 38 

0 93 

0 93 

95 


6 

tl 

: 75 

3 56 

1 55 

0 59 

3 22 

0 86 

0 96 



7 

H 

1 75 

3 66 

1 55 

0 69 

3 25 

0 88 

0 95 

91 

J 

8 

tt 

1 75 

3 46 

1 51 

0 59 

3 14 

0 82 

0 98 

91 


9 

tl 

1 75 

3 46 

1 51 

0 59 

3 13 

0 82 

0 98 

91 


* The results for each sample represent the average of closelv agreeing duplicate 
or triplicate analyses 


ether solution and elution of the cholme-contaimng pbosphohpid earned out 
with methanol This raised the question whether the separation of the tii o 
types of phospholipids could be accomplished by first dissolving the phos- 
phohpids m methanol and then treatmg this methanol solution with MgO 
In order to test this possibility, the followung expenments w ere earned out 
A measured volume of a petroleum ether extract of hver contauimg ap- 
proximately 6 mg of phosphohpid P was evaporated just to dryness under 
reduced pressure m a COj atmosphere and the residue dissolved in methanol 
Under such conditions all phosphobpids were dissolved by the methanol 
This was shown by phosphorus and choline measurements The methanol 
solution Was made to 100 cc , and 25 cc aliquots contaimng approximately 
0 060 mg of phosphohpid P per cc were added to 1 75 gm of MgO m 50 cc 
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centnfuge tubes The mixtures were allowed to stand for 25 to 30 mmutes 
wth frequent stirnng and then centnfuged The methanol was poured off 
and the MgO washed tivice ivith 25 cc portions of fresh methanol The 
combmed methanol supernatants were made up to 100 cc and aliquots 
taken for phosphorus and cholme deterimnations The results are recorded 
in Table III, which shows that the separation by this procedure is just as 
complete as nhen the phosphohpicfe are first a&orbed from a petroleum 
ether solution and then eluted with methanol 
One of the difficulties encountered was a cloudmess of the methanol 
solutions which appeared after centrifuging the MgO-methanoI mixtures 
The first methanol supernatant was usually clear, but the supernatants 
from the tuo methanol washmgs were usually cloudy It was found that 
the presence of a small amount of NaCl m the methanol prevented the solu- 
tion from becoming turbid after centrifugation and did not affect the recov- 
ery of chohne or the cholme to phosphorus ratio For this reason methanol 
contammg approxunately 5 X lOf ’ m NaCl is used for the two washings of 
the MgO 


niscussiON 


The method of separation of cholme-contaimng from non-chohne-con 
taming phospholipids described here is both convenient and reasonably 
accurate When a methanol solution of liver phospholipid was treated 
with MgO under the conditions specified above (1 75 gm of MgO), the 
average cholme to P ratio of the imadsorbed phospholipid was greater than 
0 96 This may be taken to mean that practically all the phospholipids 
remaimng m the methanol contain choline and therefore represent a mixture 
of lecithm and sphmgomyelm That a small amount of cholme-containmg 
phosphohpid may remain behmd ivith the MgO is suggested, however, by 
the findmg that the recovenes are imually less than 100 per cent (Tables 


II and III) 

The cholme to P ratio determmed on the phosphohpid mixture before 
adsorption on MgO gives the fraction of the total liver phosphohpids which 
IS chohne-contaimng Thus the data in Tables II and III show that an 
average of 58 per cent of the phosphohpid of the liver m the dog and rat 
contains cholme This value is m good agreement with that obtained by 
Artom and Fishman, who used the enneaiodide method for the detemuna 
tion of chohne (13) These workers found that 60 per cent (average) of the 
phosphohpid of the liver of rats fed a stock diet contamed cholme 

The work of previous mvestigators suggests that a separation of sphing^ 
myelm from lecithin might be effected m the present method by precipitet- 
ing the sphmgomyehn as the remeckate from the methanol solution of m 
chohne-contammg phosphohpids In our hands this method has no 
yielded satisfactoiy results 
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The application of this proceduie to the separation of cholme-containing 
from non-choline-containing phospholipids in tissues other than the liver is 
at present under in\ estigation 


SUMMAni 

A. method for the separation of cholme-containing from non-chohne- 
contaimng phospholipid of the liver is described The method is based on 
the discover} that phospholipids are completel} adsorbed on MgO and that 
under certain conditions methanol elutes onlv the chohne contaming phos- 
phohpids 
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THE EFFECT OF VITAMIN C ON THE DETERMINATION OF 

SULFANILAMIDE 

B\ LEONARD KAREL and C W CHAPMAN 

(From the Department of Pharmacology, University of Afaryland 
School of Pharmacy, Baltimore) 

(Received for publication, Mnj 1 i, l')44) 

Because the therapeutic effectiveness of sulfanilamide is dependent on 
the attainment of an optimum concentration of the non-acetylated (free) 
drug in the blood, it is desirable to make routme determinations of the free 
sulfanilamide present m the blood of patients undergoing treatment (1, 2) 
Despite the fact that there have appeared reports dealing vuth combmed 
ascorbic acid-sulfonamide therapy (3-8), there is nothing m the literature 
pertammg to the effect of vitamin C on the detenmnation of sulfanilamide 
by the method of Bratton and Marshall (9) Yet it is shov n by the works 
of several authors that large amounts of vitamin C may appear m the 
blood as a result of the admmistration of massive doses of ascorbic acid 
In fact, blood le\els as high as 25 mg per cent have been reported m 
humans 

This mvestigation vas undertaken to determine whether \ntanim C 
interferes vath the detenmnation of sulfanilamide 

EXPERIMENTAL 

The method used for the detenmnation of sulfanilanude was that of 
Bratton and Marshall (9) Determmations of reduced vitamin C were 
made by the methods of Farmer and Abt (10) 

Both tn VIVO and tn vitro expenments were run 

For the in vivo expenments, blood was obtained by caidiac puncture fiom 
gmnea pigs which were lightly anesthetized with ether The animals used 
were of both sexes and u eighed approximately 275 to 425 gm The sulfa- 
nilanude v as given by mouth by means of a nibber catheter attached to a 
suitable synnge The drug was given as a 15 per cent water suspension in 
smgle doses of 323 mg of sulfanilamide per kilo of gmnea pig, and doses 
were administered at 0, 3, 7, 11, 15, and 19 hours (11) When ascorbic acid 
was given, it was administered mtrapentoneally concurrently with the 
sulfanilamide dosage given per os Blood samples were obtamed 20 hours 
after the mitial dose was given, and the samples were prepared at once for 
the deterimnations of vitamm C and sulfamlamide 

The followmg groups were given the sulfamlamide treatment gumea 
pigs on normal diets, forty-six animals, 20 hours fastmg, tn enty-eight 
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animals, vitamm C depletion for 10 to 13 days, twelve animals, parenteral 
injections of 2 5 mg of ascorbic acid, six animals, and mjections of 10 mg 
of ascorbic acid, five animals 

In the in nlro experiments 10 mg per cent of sulfanilamide were used 
throughout, except as noted m Table III The sulfanilamide-ascorbic acid 
solutions were made by addmg to 6 0 cc of the 20 0 mg per cent stock 
solution of sulfanilamide used as the standard 5 0 cc of a solution of as- 
corbic acid m trichloroacetic acid In the final sulfanilamide-ascorbic acid 
solution, the percentage of tnchloroacetic acid w'as the same as that m the 
blood filtrates of Bratton and Marshall (9) The coupling agent (N-1- 
napbthylethylenediamme dihydrochlonde) was added after the final 
sulfanilamide-ascorbic acid solution had first been diluted 1 10 
Ascorbic acid solutions were oxidized by heatmg a distilled water solution 
of the vitamm under a reflux on a water bath for 1 hour The ascorbic acid 
oxidized m this manner was compared with the reduced form of ascorbic 
acid m regard to their effects on the determmation of sulfanilamide 
Solutions of reduced ascorbic acid and sulfanilamide and solutions of 
oxidized ascorbic acid and sulfanilamide prepared as previously descnbed 
were refluxed m a water bath at approximately 100® for 1 hour After the 
solutions were cooled and readjusted to the prerefluxing volume by the 
addition of distilled water, the free sulfanilamide was determmed 
Sulfanilamide solutions alone when refluxed m a water bath at 100® for 1 
hour gave complete recovery wuthm the bmits of error (o- = 2 5 per cent) 
previously found m this work 
All expenments were performed in dupbcate 

DISCUSSION 

Although different conditions m regard to the vitamm C level of the 
blood were found or were produced m the animals, there was no correlation 
between the amount of free or of conjugated sulfanilamide m the blood and 
the vitamm C content of the plasma (cf Table I) 

Inasmuch as the vitamm C m the blood was consistently very low at the 
time that the blood was withdrawn for the purpose of makmg tests for both 
sulfanilamide and vitamm C (cf Table I, Column 2), it was thought that 
perhaps the sulfanilamide mterfered with the determmation of the vitamin, 
or caused a change m the in mvo metabolism of the vitamm In mlro tests 
showed, however, that sulfanilamide does not mterfere m the detennm^ 
tions of ascorbic acid The low content of the vitamm m the blood can be 
explamed by the fact that withm 3 hours after the sulfanilamide has 
administered the animals no longer take nourishment voluntarily It ^ 
been shown by Karel and Chapman (12) that after 20 hours fasting m 
gumea pigs, the blood level of vitamm C drops to low values approximatmg 
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those of Table I, Column 2 Consequently, although the drop m plasma 
ascorbic acid values may be the result of increased excretion or of metab- 
olism of the xutanun attnbutable to the effect of the sulfanilamide (13-15), 

Table I 

Vitamin C Content and Free and Total Sulfanilamide Content of Blood Plasma of 
Normal Guinea Pigs after Six Doses of Sulfanilamide 
15 gm of sulfanilamide were suspended in 100 cc of water The dose was 32 3 
mg of sulfamlamide per 100 gm of guinea pig by mouth The schedule of dosage 
was at 0, 3, 7, 11, 16, and 19 hours The weight of the guinea pigs was 272 to 432 gm 
The date of the experiment was March 6, 1940 


Vitaimn C pnor to 
sulfanilamide dosage 

(1) 

20hrs after 1st dose of sulfamlamide 

Vitamm C ' 

(2) 

Free sulfamlamide 

(3) 

Total sulfanilamide 
(4) 

ns fer cent 

ns per cent 

ns Ptr cent 

ms per cent 

0 29 

0 01 

33 0 

40 8 

0 08 

0 00 

34 8 

53 4 

0 10 

0 00 

44 2 

60 6 

0 44 

0 00 

33 7 

51 0 

0 05 

0 00 

1 27 3 

46 8 

0 23 

0 00 

27 9 

43 4 

0 17 

0 00 

19 0 

26 6 

0 30 

0 00 

36 9 

44 2 

0 17 

0 00 

20 0 

29 6 

0 11 

0 01 

19 5 

31 2 

0 17 

0 00 

1 32 8 

40 6 

0 12 

0 00 

17 3 

28 8 

0 00 

0 00 

28 4 

50 6 

0 10 

0 00 

25 8 

28 8 

0 19 

0 00 


43 5 

0 26 

0 00 


39 9 

0 07 

0 00 

' 24 7 

44 4 

0 23 

0 00 

36 4 

40 0 

0 00 

0 00 

25 5 

26 6 

0 09 

0 00 


64 1 

0 11 

0 00 

59 7 

77 9 

0 08 

0 00 

62 5 

80 6 

0 36 

0 05 

35 1 

36 8 

0 22 

0 02 

42 1 

34 5 

0 35 

0 07 

33 6 

40 7 

0 23 

0 03 

20 4 

22 4 


nevertheless, the low blood vitanun C values can be explamed by the lack of 
vitamm C mtake by the gumea pigs 

From the vn mtro experiments, it was found that there is no mterference 
with the determmation of the drug when a solution contains 10 0 mg per 
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cent of sulfanilamide and up to 3 0 mg per cent of the reduced form of 
ascorbic acid Above 3 0 mg per cent, reduced ascorbic acid m the presence 
of 10 0 mg per cent of sulfanilamide mterferes with the sulfanilamide de- 
terimnation increasingly the larger the quantity of the vitamm present 

Table II 


In Vitro Expenmenls Showing Percentage of Sulfanilamide {10 Mg PerCent) Recovered 
in Presence of Varying Amounts of Vitamin C 


Reduced 
vitamin C 

Ratio of 
vitamm C 
to sulfanil 
amide 

SulfamU 

mide 

recovered 

Oxidized 
vitamin C 

SuIfaniU 

mide 

recovered 

Reduced 
vitamin C 
refluxed 
with 
sulfanila 
mide 

Sulfanila 

mide 

recovered 

Oxidized 
vitamin C 
refluxed 
with 
sulfanila 
rafde 

’ Sulfanila 
nude 
recovered 

mg percent 


per cent 

mg Percent 

per cent 

mg percent 

Per cent 

mg per een> 

per cent 

0 125 

1 80 

95 2 







0 25 

1 40 

97 4 







0 50 

1 20 

96 3 



0 50 

92 9 



0 75 

1 13 

95 0 







1 00 

1 10 

97 7 



1 00 

96 0 



1 25 

1 8 

97 7 







1 SO 

1 7 

96 5 







1 75 

1 6 

98 0 







2 00 

1 5 

98 0 



2 00 

90 0 



2 25 

1 4 

97 5 







2 SO 

1 4 

99 4 







2 75 

1 4 

97 4 


\ 





3 00 

1 3 

99 8 


1 

3 00 

83 1 



6 00 

1 2 

93 3 



5 00 

77 8 



10 00 

1 1 

91 6 

10 00 

93 8 

10 00 

76 4 



15 00 

3 2 

92 0 







20 00 

2 1 

89 8 

20 00 

93 4 

20 00 

68 3 

20 00 

rs6 

25 00 

2 5 1 

85 2 







30 00 

3 1 

84 2 

30 00 

88 9 

30 00 

62 2 

30 00 

66 3 

40 00 

4 1 

77 3 

40 00 

73 2 

40 00 

57 6 

40 00 

66 7 

50 00 

6 1 

71 5 

50 00 

63 1 

50 00 

56 6 

50 00 

60 7 

100 00 

10 1 

56 1 

100 00 

65 0 





150 00 

15 1 

49 6 







200 00 

20 1 

24 5 







250 00 

25 1 

Trace 







300 00 

30 1 

0 0 
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— 


Interference inth the color production is proportional not to the quantity 
of vitanun C present, but to the ratio of ascorbic acid to sulfanilami e 


(Tables II and III) a 

When the reduced form of the vitamm is heated mth sulfanuami 
water bath for 1 hour under a reflux, there appears to be a reaction be 
the ascorbic acid and the sulfanilamide Evidence for this lies in e 
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that the percentage of sulfanilamide recoverable is consideiably reduced 
(Table II), that complete recovery can be obtained when sulfamlamide is 
heated alone, that if the ascorbic acid solution is first oxidized by heatmg in 
a water bath for 1 hour under a reflux and is then added to the sulfanilamide 
solution the recovery of sulfanilamide (which has not been heated with the 
oxidized vitamm) is approximately equal to the amount recoverable when 
solutions of sulfanilamide and reduced ascorbic acid (unheated) are tested, 
and that heating the sulfanilamide with previously oxidized ascorbic acid 
(Table II) gives results not appreciably different from those obtamed when 
the reduced ascorbic acid is heated with the drug 
These latter facts are particularly of mterest in regard to the determma- 
tion of the total amount (acetylated plus non-acetylated) of sulfanilamide 
m solutions m which either the oxidized or the reduced form of vitamm C 


Table III 


Effect of Ratio of Vitamin C to Sulfanilamide on Recovery of Sulfanilamide 


Sulfanilamide 

Reduced vitamm C 

Ratio of vitamin C to 
sulfanilamide 

Sulfanilamide recovered 

m; perunt 

mg per cent 


per cent 

1 0 

1 00 

1 1 

90 4 

1 0 

2 00 

2 1 

86 3 

1 0 

3 00 

3 1 

84 0 

2 0 

2 00 

1 1 

1 96 3 

2 0 

3 00 

3 2 

95 3 

2 0 

4 00 

2 1 

85 6 

50 00 

50 00 

1 1 

93 7 

50 00 

150 00 

3 1 1 

76 9 

1 


may be present, especially smce less than 3 0 mg per cent of ascorbic acid 
m the presence of 10 0 mg per cent of sulfanilamide causes mterference in 
the recovery of the sulfanilamide This amount of ascorbic acid, it vill be 
recalled, does not interfere in the determmation of the non-acetylated 
sulfanilamide when the latter is present m the amount of 10 0 mg per cent 
With respect to the effect of oxidized ascorbic acid on the determmation 
of free sulfanilamide and on the determmation of combmed sulfanilamide, 
it IS seen from Table II that results obtamed with the oxidized form of the 
vitamm do not differ significantly from those obtamed v ith the reduced 
form 


SUMMARY 

1 Both the oxidized and the reduced forms of ascorbic acid mterfere 
with the detenmnation of sulfanilamide by the method of Bratton and 
Marshall (9) when the ratio of ascorbic acid to sulfanilamide is 1 2 or 
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greater Complete mhibition of the reaction does not occur, however, 
until the ratio reaches a value of 25 1 or greater (250 to 300 mg per cent of 
ascorbic acid m the presence of 10 0 mg per cent of sulfanilamide) 

2 Heatmg the ascorbic acid and the sulfanilamide together m a water 
bath for 1 hour imder a reflux results m a lowermg of the amount of sulfa- 
nilamide recoverable even when the ratio of ascorbic acid to sulfamlamide 
IS lower than 1 3 
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HYDROGENATED LINSEED OIL • 
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The fate of tnbutyrm and butync acid m intermediary metabohsm is an 
iinsolved problem Tnbutyrm is readily digested and absorbed Davis 
(1) found an average digestibihty m rats of 86 9 per cent, while Deuel and 
Hallman (2) found that it was most rapidly absorbed of any of the short 
cham tnglycendes The absorption also has been found to be mdependent 
of the activity of the cortical hormones m distmction to the dependence of 
the fats whose constituent fatty acids are not water-soluble (3) Sodium 
butyrate is also as readily absorbed m normal rats (4) as m adrenaleoto- 
mized salt-treated animals (3) 

Eckstem (5) showed that absorbed tnbutyrm is not deposited m the 
depot fat of the rat There is also no evidence that it may be converted to 
carbohydrate m the animal body when fed as sodium butyrate (6) or as the 
ethyl eater (7), but the glycerol of tnbutyrm does have glycogemc action 
(8) It has been considered by some that it may be changed to longer 
cham fatty acids and deposited as the tnglycendes of such fatty acids 
Rittenberg, Schoenheuner, and Evans (9) seem to have disposed of this 
possibihty by demonstratmg that the deutenum of deuterobutync and 
deuterocaproic acids was completely converted to deutenum oxide within 
8 hours after bemg fed These authors pomt out that this may mdicate a 
complete oxidation of these acids or a transfer of the deutenum durmg the 
conversion of the residue to other substances However, the administra- 
tion of deutenum oxide to rats fed an excess of ordmary butync acid did 
not result m the deposition of any deutero compounds m the fat depots, a 
result which is beheved to prove that the butync and caproic acids are not 
transformed to such fats 

The present experiments were undertaken to obtam further evidence as 
to the fate of tnbutyrm and to compare its behavior with that of a natural 
tnglycende which is composed exclusively of long cham fatty acids 

EXPEBIMENTAL 

After the feedmg of the isotopic fats to rats fasted 24 hours, the Dj dis- 
tnbution at vanous penods up to 112 hours was followed m the lumen and 

‘These experunenta is ere aided by a research grant from The Best Foods Inc 
to Dr H J Deuel, Jr 
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waU of the gastromtestmal tract, the tissue fat, the defatted tissue, and as 
D:0 m the tissue fluid and unne The tnbutynn iias administered bj 
stomach tube m a smgle dose and the hydrogenated linseed oil ii as gu en m 
divided doses The animals vrere placed m metabolism cages for the col 
lection of the unne and the stock diet was given to those animals on which 
the test M as contmued longer than 24 hours Any feces w ere collected and 
analyzed separately or with the gastromtestmal contents At the tennina 
tion of the experimental penod, the animals were anesthetized with amytal 
In the expenments for penods shorter than 60 hours, the gastromtestmal 
tract was removed, weighed, and the contents flushed with ether The 
deutenum content of the fat m this extract was detemuned separate!} 
The gastromtestmal tract was dned m the vacuum oven The remaming 
carcass was put througli a meat gnnder, the hashed tissues bemg passed 
through two additional times to insure uniformity, and an aliquot taken 
This was dned at 50° m a vacuum oven to constant weight The water 
removed was condensed by passmg through a U-tube immersed m efh\l 
alcohol m a metal can surrounded by solid carbon dioxide That the 
tissue w ater w as quantitatively collected by this means was demonstrated 
by the fact that no mcrease m w eight was ever found m the calcium chlonde 
tube placed between the vacuum pump and the condensmg tube The 
tissue water was w eighed, purified, and analyzed for deutenum The dned 
tissue and mtestmes w ere extracted separately with ether for 16 hours in a 
Soxhlet apparatus The hpids obtamed from the ether extracts and the 
fat-free tissues were analyzed separately for deutenum In some cases the 
fat-free tissue w as powdered bj”^ bemg passed through a Wiley mill This 
msured a greater homogeneity of the sample but greater difficulty in pun 
fication of the w ater obtamed after combustion w as expenenced than when 
the coareer dned and defatted tissue w'as employed for bummg without the 
final gnndmg The removal of the orgamc contammants m the wafer in 
the former case required repeated treatment with alkalme permanganate 
and chromic acid However, we have found that this punfication maj be 
hastened by oxidation with potassium persulfate accordmg to the pro- 
cedure of Osborn and Werkman (10) The isotope analjsis was made bj 
the float method as employed earlier (11) 

The hydrogenated Imseed oil w as prepared by an 82 per cent saturation 
of a sample of Imseed oil with deutenum, with a platmum oxide cafalj'st 
The lodme number of the ongmal Imseed oil w as reduced from 192 1 
35 3 For the feedmg tests a mixture of 3 parts of the isotopic oil was mix 
with 7 parts of untreated oil This gave a sample liquid at body tempera 
ture which w as tolerated by the rat 
Isotopic tnbutyrm was synthesized by the saturation of ethyl cro ona 
(prepared by the method of Florence (12)) with deutenum, transformation 
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to deuterobutenyl chlonde by the procedure of Bro^vIl (13), and condensa- 
tion mth glycerol according to the method of Black and Overley (14) 
The punty as determined by saponification was 99 3 per cent, and the 
refractive index was 1 4350 compared with a value of 1 4359 for ordinary 
tnbutyrin, also the tributyrin gave a volatile acid content which was 97 
per cent of the theoretical However, the deuterium content i\as only 75 
per cent of the theoretical It seems probable that a partial exchange with 
hydrogen, due to contammation with erotomc acid, occurred dunng 
saturation of the ethyl crotonate 

The deutenum content of the volatile fat of the lipid fraction of the 
rat fed tnbutynn 6 hours previously was dete rmin ed on the distillate as 
follows The saponified fat was acidified with HjSO^, 200 cc of water were 
added, and this was distilled The distillation was repeated after the 
addition of a second 200 cc portion of water, and the distillates were 
combmed The distiUate was concentrated to about 150 cc after^bemg 
made alkalme to prevent a distillation of the volatile acids An aliquot 
was oxidized wnth potassium persulfate and the deutenum content was 
detenmned by the usual float method 

Rats from our stock colony w'hich had previously leceived our stock diet 
and which weighed approximately 100 gm were used 

Remits 

The analyses of the tissues and urmc of five rats at various periods after 
they had received tributyrm and of four rats at several mteivals after they 
were fed partially hydrogenated linseed oil are summarized m Table I 
Control tests were also made on the lecoveiy of these fats w^hen knowui 
amounts were added to the hashed tissues of the i ats, as w ell as on then 
recovery from the gastiomtestmal tract when it was flushed out directly 
after the fats were admmistered by stomach tube 

DISCUSSION 

The absorption of tnbutyrm proceeds much moie rapidly than that of 
the paitially hydrogenated Imseed oil Withm 6 houis it was 95 per cent 
complete, on the other hand only 30 per cent of the hydrogenated Imseed oil 
W'as absorbed m 12 hours, although the absorption w’as completed m 24 
hours The slow^er rate of disappearance must be partly ascribed to the 
larger quantity of the oil administered and to the fact that it w as given m 
divided doses 

The extent of mcoiporation of the admmistered fats mto the body fat is 
also markedly different with the two fats studied Thus, the maximum 
accounted for m the tissue lipids m the tnbutyrin experiments w as 12 per 
cent at 12 hours, W'hile the highest value recorded after the hydrogenated 
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linseed oil was 63 per cent at the 24 hour penod Only 2 per cent of the 
tnbutynn was present in the tissue bpids at 36 hours and it was completely 
absent m the 60 hour test and thereafter, on the other hand, after the 


Table I 

Pale of Deuiero Fals When Fed io Fasted or Fed Albino Sals 



D< 

Per cent of administered deuterium recovered 


Tune 

after 

feedmg 

content 

of 

amount 

fed 

Gut 

content 

Gut 

wall 

Tissue 

hpid 

Fat 

free 

tissue 

Tissue 

fluid 

(1) 

Urine 

(2) 

Sum 01 
(l)+(2 

Total 

Remarks 

Tnbutynn 

hrs 

mg DiO 










0 

68 2 



37 1 


6 4 



98 5 

Added to hashed 











tissue 

0 

72 8 




39 9 

6 7 



97 6 


0 

85 0 

95 1 

6 4 







Recovered from 

6 

72 8 

4 4 

1 0 

9 3* 

19 6 

65 2 

2 2 

67 4 


gut 

12 

72 8 

0 0 

0 0 

12 0 

7 1 

73 2 

6 2 

79 4 

98 6 


36 

72 8 



2 1 


77 3 

22 1 

99 4 



60 

72 8 

00 

CO 

0 0 

■o 


58 8 

27 7 

86 6 

n 








Elslii 


FraQi 


Calculated on 









1 


basis of fat 
absorbed 

107 

72 8 




Hij 

m 

67 4 

98 1 1 

98 1 



Partially hydrogenated linseed oil 


0 


27 

0 





98 

0 

0 

0 







98 

o) Added to 

hashed 





















tissue 


0 


27 

0 

91 

0 

5 

9 











96 

9 

Recovered 

from 





















gut 


12 

(4)1 

67 

4 

63 

3 

6 

4 

9 

8 

4 

6 

17 

8 

4 

6 

22 

4 

106 




24 

(6)1 

57 

4 

1 

1 

1 

6 

62 

6 

17 

9 

19 

7 

1 

6 

21 

3 

95 

8 



48 

(6)1 

67 

4 

0 

0 



20 

2 

24 

9 

42 

0 

14 

3 

66 

3 

101 

4 



112 

(6)1 

67 

4 





19 

3 

6 

1 

47 

2 

30 

1 

77 

3 

102 

7 




* This was entirely in the distillable fraction, the value on the distillate being 
92 

■f Deutenum lost in feces 

t Given in divided doses The figure in parentheses indicates the penod in hours 
after the first dose when the second dose was administered 

feeding of the linseed oil 20 per cent was still present m the tissue hpids after 
48 hours and no further decrease occurred in over ^ days (112 houre) 
A companson. m the rate of metabohsm is also afforded by the extent oi 
convemon of the isotopic fat to heavy water This first accumulates in the 
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tisaue fluid, gradually reachmg a maximum, and then it slowly drops, cor- 
respondmg to the rate at which it contmues to be formed and at which it is 
excreted m the urme Based on such conditions ivithm 6 hours, 67 per cent 
of the tnbutyrm has been completely destroyed On the other hand, only 
21 per cent of the hj'drogenated Imseed oil was metabolized m 24 hours, 56 
per cent m 48 hours, and 77 per cent m 112 hours As has been noted by 
other mvestigators, the rate of excretion of deutenum oxide from the tissue 
fluid IS exceedingly slow 

The deuterium remaimng m the tissue after exhaustive extraction with 
diethyl ether is m all probabihty present m soaps, although the possibihty 
exists that the isotope might have been set free and exchanged with the 
hydrogen on other compounds The ease of saponification of tnbutyrm 
m miro as well as in vivo is well known and this would seem to offer an ex- 
planation for the large fraction which was unex-tractable with ether In 
recovery experiments ivith tnbutyrm added to hashed tissues, a conversion 
of 40 to 55 per cent of the isotopic hpid to matenal not extractable by ether 
occurred on drymg On the other hand, m the recovery tests with the 
hydrogenated linseed oil, 98 per cent of the deutenum remamed m the hpid 
fraction on drymg 

The present experiments confirm the work of Eckstem (5) which showed 
that tnbutyrm is not stored m the depot fat over extended penods of time 
There is, however, a temporary storage of small amounts of isotopic tn- 
butyrm 01 butyl 1C acid which amounts to 12 per cent of the amount fed at 
12 hours, and 2 per cent still u as present at 36 hours That the deutenum 
so bound is still combmed with butyrate is mdicated by the demonstration 
m the 6 hour test that the distillable fatty acids from the saponified tissue 
fat accounted for 100 per cent of the deutenum On the other hand, ve 
have no evidence as to whether such a butyrate residue is present as tn- 
butyrm, m a mixed tnglycende, or as the free acid Because of the ready 
susceptibihty of tnbutyrm to hydrolysis, it will probably only be possible to 
settle the question of whether the butyrate is free or combmed with glycerol 
by immediate freezmg of the mtact ammal, gnndmg the frozen tissue, and 
drymg it m a lyophile apparatus 

The experiments also confirm Rittenberg, Schoenheimer, and Evans (9) 
m indicating that the butyrate fragments are not directly used for mter- 
conversion to long cham fatty acids There is still the remote possibihty 
that simple denvatives from butjirate might play a r61e m the formation of 
specific long cham fatty acids If this were the case, it could best be settled 
by the admmistration of butyrate contammg isotopic carbon 

The recovery of the deutenum fed varied from 96 to 106 per cent This 
would seem to mdicate the accuracy of the experimental techmque Also 
the fact that blank values were obtamed on the gut contents, gut wall. 
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tissue fat, or fat-free tissue in control tests or in samples at prolonged 
periods after the feedmg of isotopic fats would seem further to confirm the 
accuracy of the results 


SOMMARV 

Isotopic tnbutynn and linseed oil partially hydrogenated with deuterium 
i\ ere fed to rats and the distnbution was noted m the lumen of the gastro 
intestinal tract, gut wall, tissue fluid, tissue fat, fat-free tissue, and unne 
at several periods up to 112 hours 

Tnbutyrm was found to be much more rapidly metabohzed than the oil, 
havmg almost disappeared from the tissue fat at 36 hours and completely 
at 60 hours Partially hydrogenated linseed oil was still present m the 
tissue fat to the extent of 20 per cent of the amount fed after 112 hours 
Moreover, the maximum amount of tnbutynn m the tissue fat was 12 per 
cent of that admmistered, while the maximum value found m the tests with 
the isotopic oil was 53 per cent of the quantity fed 

On the basis of a smgle expenment, it w'ould appear that the deutenum 
m the tissue fat aftei the feedmg of isotopic tnbutynn could be entirely 
accounted for m the distillable fraction This would mdicate that no 
direct conversion of tnbutyrm to long cham fat occurs The ex-penments 
indicate a temporary storage of the butjTate molecule, but whether this is 
retamed as tnbutyrm, as a component of a mixed tnglycende, or as butyric 
- d could not be ascertained 
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CLEAVAGE OF CYSTATHIONINE BY AN ENZYME SYSTEM 
FROM RAT LIVER 

Br FRANCIS BINKLEY 

(From the Hospital of The Rochefeller Institute for Medical Research, New York) 
(Received for publication, May 11, 1944) 

Cystathionine has been shoivn to serve m lieu of cystine in the diet of 
rats (1) and to be cleaved by liver tissue of rats with the formation of 
cysteme (2) These findmgs, together with the observation that con- 
siderable extra cysteme is produced when a mixture of homocysteme and 
serme is mcubated wnth rat liver tissue, may be mterpreted as mdicatmg 
that methionme is converted to cystme through an mtermediate formation 
of homocysteme and cystathionme (3) Additional support for this hy- 
pothesis has been gamed from studies of the metabolism of compounds 
labeled with heavy isotopes Stetten (4) has reported evidence mdicatmg 
that the carbon cham of cystme is denved from serme and, more recently, 
du Vigneaud and coworkers^ have demonstrated that the ongmal carbon 
cham of methionme does not appear m the cystme formed from it by the 
white rat 

While these recent studies have done much to clarify the question of the 
major mtermediary steps m the conversion of methionme to cystme, little 
or no knowledge has been gamed as to the nature and mode of action of the 
enzymes mvolved m this conversion An mitial study on one of these 
enzymes is described in this report The evidence presented may be m- 
terpreted as mdicatmg that the cleavage of cystathionme is accomplished 
by a mechanism utilizmg phosphate bonds high m energi"^ The system 
mvolved m the cleavage mcludes a heat-labile enzyme, a metallic ion, zmc or 
magnesium, and adenosme tnphosphate The high energy phosphate of 
adenosme tnphosphate is dissipated comcident with the cleavage of cysta- 
thionme and the dissipated phosphate is found, not as morganic phosphate, 
but as a phosphate compound of low energy, stable to acid hydrolysis 
Little or no free ammonia is released dunng the cleavage and jt would seem 
probable that the cleavage product, other than cysteme, is the phosphorj’^- 
lated hydroxyammo acid, the next higher homologue of serme or phos- 
phohomoserme 

The net result of the series of reactions would be the exchange of the 
sulfhydryl group of homocysteme for the hydroxyl group of serme Smce 
the emphasis m these studies is on the shift of the sulfhydryl group, the 

* du Vigneaud, V , personal communication 
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reaction may be described as “transsulfuration ” Tbe possibibty that the 
process plays a metabobc r61e beyond the conversion of methionine to 
cysteme is mterestmg An extension -whicli may present an alternate 
partial explanation of the observations made by Stetten (4) is that serme 
and cysteme may be in equihbnum m so far as their carbon chains are 
concerned Such an equihbnum would mvolve an mtermediate formation 
of the symmetncal thio ether lanthiomne The fin din g that lanthionine, 
like cystathionme, is cleaved by rat hver tissue with the formation of 
cysteme* lends support to this hypothesis 

EXPERIMENTAL 

Preparation of Enzyme Solution — ^Fresh hver tissue of rats was mixed in a 
Wanng blendor at 0° with a 10-fold amount of physiological Bahne for 15 

Table I 

Reconsittulion of System far Cleavage of Cystathionine 
1 5 mg of cystathionme (eqmvalent to 0 82 mg of cysteme), 30 minutes digestion 
at 38“ m 0 06 M bicarbonate, total volume 6 cc 


Digest 

Extra cysteme 

Yield 

1 

1 CC crude extract 

m 

0 43 

percent 

61 

1 " enzyme preparation I 

0 07 

9 

" boiled crude extract 

0 00 

0 

1 “ " “ " 1 CO enzyme preparation 

0 35 

43 

1 “ enzyme preparation, 0 001 m ZnSO» 

0 10 

12 

1 “ “ “ adenosine triphosphate (0 22 

mg labile P) 

0 21 

26 

1 cc enzyme preparation, adenosine tnphosphate, ZnSO* 

0 54 

66 


seconds The imxture was then centrifuged at 15,000 R p m for 30 mmutes 
and the sediment discarded The opalescent supernatant solution was 
placed in a cellophane bag and dialyzed at 0° for 48 hours agamst frequent 
changes of physiological sahne The dialyzed material was heated for 10 
mmutes at 55®, cooled immediately to 0°, and centrifuged at high speed to 
remove the precipitate The supernatant solution, which contamed 5 to 8 
mg of tnchloroacetic acid-precipitable matenal per cc of solution, was the 
enzyme solution used m these studies 
As shown m Table I, this matenal brought about httle or no cleav^e o 
cystathionme and was effective only m the presence of zmc ions and adeno- 
sme tnphosphate or m the presence of boiled crude extract 

Technique of Digestion and Analysis — ^All the data reported were obtain 

« Binkley, F , Anslow, W P , Jr , and du Vigneaud, V , unpublished observations 
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from digestions conducted in 0 06 m bicarbonate solution The cysta- 
thiomne,* zmc or magnesium salts, and adenosme tnphosphate were dis- 
solved m bicarbonate solution The various solutions, mcludmg the en- 
zyme preparation, were saturated with CO 2 and warmed to 38° before bemg 
mixed A sample was removed at zero time and the mixture saturated 
with CO5 The tubes were tightly stoppered and mcubated at 38° Sam- 
ples were taken at vanous mtervals, and the protem was precipitated by the 
addition of tnehloroacetic acid The protein precipitate was removed by 
centrifugation and the cysteine m the supernatant solution determmed 
directly by the method of Sullivan and Hess (5) Recovery experiments 
Mere made to demonstrate that added cysteme could be recovered with 
httle or no deviation from the theoretical values Free ammonia was de- 
termmed by a procedure of steam distillation m which the tnchloioacetic 
acid supernatant v as made alkaline ivith a borate-NaOH buffer The m- 
orgamc phosphate, the phosphate released by an 11 nunute and by a 30 
mmute hydrolysis m 1 n sulfunc acid at 100°, and the total phosphate were 
determmed by the method of Fiske and Subbarow (6) 

niscussiON 

In Table I it is seen that the thoroughly dialyzed enzyme preparation was 
mactive unless either boiled crude extract or a combmation of zmc 10 ns and 
adenosme tnphosphate vas added Expenments not mcluded m Table I 
showed magnesium 10 ns to be of the same order of efficacy as the zmc 10 ns, 
whereas equivalent amounts of cupnc and feme 10 ns were mhibitory 
Adenyhc acid or thiamme pyrophosphate would not replace the adenosme 
triphosphate when tested in this system Thiamme pyrophosphate, how- 
ever, did stimulate the action of a crude extract or of an mcompletely di- 
alyzed preparation 

The expenments desenbed m Table II were conducted to determme the 
availabihty of adenosme triphosphate in the reaction If the cleavage is 
pictured as a simple phosphorolysis m which phosphoric acid is added at the 
carbon-sulfur bond, both of the labile phosphates of the adenosine tri- 
phosphate rmght be expected to be available for the cleavage If two phos- 
phates are utihzed, the addition of 7 1 imcromoles of labile phosphate 
should lead to the production of 7 1 imcromoles of extra cysteme The 
cysteme production was found to be 4 0 imcromoles or about half of the 
calculated amount The addition of 21 3 micromoles of labile phosphate 
led to the production of 10 3 imcromoles of cysteme These results em- 
phasize the fact that the extent of the reaction is dependent upon the 
amount of adenosme tnphosphate m the system They also mdicate that 

’ The cystathionine was furnished for this problem by Professor V d Vigneaud 
of Cornell Umversity Medical College 
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only one phosphate of the adenosine tnphosphate is available for the 
cleavage or, alternatively, two labile phosphates are required for the 
cleavage of 1 molecule of cystathionme 
From the results in Table III, m which the phosphate distribution is 
given, it IS seen that only one acid-labile phosphate is utihzed m the cleai 
age For the production of 3 5 micromoles of cysteme 3 5 micromoles of 

Table II 


Dependence of Extent of CyetathiomneCleavage upon Amount of AdenostneTriphosphate 
3 mg of cystathionine (equivalent to 13 6 micromoles of cysteine) , 2 cc of enzyme 
solution, 0 001 M ZnSOi, total volume 15 cc 


Labile phospb&te 
added as adenosine 
triphosphate 

Total cysteme 

30 mio 

60 mm 

90 mm 

micromoles 

micromoles 

micromoles 

micromoles 

None 

0 7 

0 9 

0 8 

7 1 

3 8 

4 9 

4 6 

21 3 

7 8 

11 2 

10 3 

1 


Table III 

Phosphate Turnover durtng Cleavage of Cystalhtomne 
3 mg of oystathiomne, adenosine triphosphate (7 1 micromoles of labile P), 
0 001 M ZnSOi, 2 cc of enzyme solution, total volume 16 cc 


Tune 

Total osteine 

Phosphate distribution 

Inorganic 

Acid labile 

Acid stable 

min 

micromoles 

micromoles 

micromoles 

micromoles 

0 

1 0 

3 3 

7 4 

4 5 


3 6 

3 4 

5 1 

6 7 


4 9 

3 6 

3 6 

8 1 


4 5 

3 6 

1 3 It 

8 6 

Change 

+3 5 

+0 3 

CO 

1 

+4 0 


* Inorganic phosphate released by an 11 minute hydrolysis in 1 n HjSOj at 100 
t Increased to 3 4 by 30 minutes hydrolysis m 1 N H SOi at 100° 


labile phosphate should be dissipated The observed disappearance of 4 
imcromoles is m agreement with this hypothesis, especially when it is 
recognized that the total cysteme found at 90 imnutes i\as less than t a 
found at 60 mmutes The agreement at 60 mmutes is, therefore, somew a 
better The decrease m the total cysteine after 60 mmutes was a constan } 
observed phenomenon and was probably due to the destruction of cysteme 
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by the enzyme desulfliydrase^ or to an oxidation of the cysteme to cystme 
In control expenments in xvhicli no substrate was added, the labile phos- 
phate remained essentially unchanged durmg the 90 mmute penod of 
digestion 

The labile phosphate dissipated m the reaction was distnbuted between 
an morganic fraction and an acid-stable fraction with the greater quantity 
bemg found m the latter fraction No significant increase m ammoma was 
detected at the end of the 90 mmute penod and, although the carboxyl- 
ammo nitrogen as not deterimned, it is probable that the ammo groups 
remained intact dunng the cleavage of the thio ether linkage 
If the same mechanism of cleavage described for liver tissue of rats is 
valid m the intact animal, a defimte relationship between this phase of the 
mtermediary metabolism of an ammo acid and the metabohsm of car- 
bohydrates IS established The high energy phosphate of adenosme tn- 
phosphate developed by the oxidative breakdown of carbohydrates would 
be utilized by the animal to carry out an essential metabohc transformation 
of one ammo acid to another The ammo acids mvolved m the transforma- 
tion w ould contnbute to the energy needed m the transformation only m so 
far as they are precureors of carbohydrate or other matenals utilized m the 
formation of phosphate bonds of high energj' 

SUMMARY 

Cystathionme, a possible mtermediate m the conversion of methionme to 
cystme by the animal organism, is cleaved with the formation of cysteme by 
an enzyme system derived from the liver of the rat through a mechanism 
mvolvmg a simultaneous transfer of the termmal phosphate group of high 
energy of adenosine tnphosphate It is suggested that the cleavage of the 
thio ether is effected by the addition of phosphate at the carbon-sulfur bond 
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STUDIES ON PITUITABY LACTOGENIC HOEMONE 

X THE EFFECT OF A DETERGENT * 

By CHOH HAO LI 

(From the Institute of Experimental Biology, University of California, Berkeley) 
(Received for publication, May 23, 1944) 

It has been shown that the lactogenic hormone is not reduced m bio- 
logical activity by treatment with urea if the urea is removed by dialysis 
before the bioassays (1) It is probable that urea denatures the hormone 
molecule and that the denatured protem reverts to its native state when the 
denaturmg agent is removed Smce it is impossible to assay the hormone 
in urea solutions, it cannot be concluded that the hormone is active m such 
solutions 

The mcrease m relative viscosity may be used as an mdication of de- 
naturation m protem (2) In the presence of 3 0 m urea, the relative 
viscosity of lactogemc hormone is greatly mcreased When the urea has 
been removed by dialysis, the ongmal relative viscosity of the hormone is 
retained The results are summarized m Table I These experiments 
mdicate clearly that a change of the hormone molecule occurs m the urea 
solution and that this change is a reversible process as judged by the vis- 
cosity measurements 

Smce detergents are good denaturmg agents (4) and smce proteins can 
be assayed biologically without the removal of detergents, it was of mterest 
to see whether or not the lactogenic activity of the hormone is retamed m 
the presence of a detergent 

Fig 1 shows the alteration m relative viscosity of lactogemc hormone m 
NacconoF solutions As is the case with urea, the relative viscosity of the 
hormone mcreases as the detergent concentration mcreases When these 
solutions were assayed^ m month-old squabs, the lactogemc activity was 
shown to be diminished (Table II) 

It has been demonstrated m the case of msulm (5) and egg albumm (6) 
that a complex formation occurs between the detergent and the protem 
The rise of relative viscosity of lactogemc hormone m Nacconol solution 
may be due to change m the molecular shape of the hormone or to a hor- 

* Aided by grants from the Josiah Macy, Jr , Foundation, New York, and General 
Mills, Inc , Minneapolis, Minnesota 

‘ Nacconol, N R S F,a detergent of the sodium alkylarylsulfonate type, mnnu 
factored by the National Aniline Division, Allied Chemical and Dye Corporation 

’ I am indebted to Dr H M Evans and Dr M E Simpson for the bioassay of 
the solutions 
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mone-detergent complex formation Since attempts to remove the deter- 
gent from the hormone were unsuccessful, it is likely that a complex is 
formed between Nacoonol and the hormone 

Table I 


Relative Viscosity of Lactogenic Hormone in S 0 it Urea at 25° 


Lactogenic hormone 

Concentration 

Relative viscosit) 

In 3 0 M urea 

Per cent 

0 57 

— 


0 43 



0 21 


After removal of urea by dialysis 

0 60 



0 34 



0 26 

1 on 

In pH 7 0 phosphate buffer* 

0 55 

1 025 


0 39 

1 020 


0 28 

1 014 


• Taken from Table I of Paper VIII (3) 


Table II 

Bioassays of Lactogenic Hormone in Month-Old Squabs 


Concentration 
of Nacconol 
in pH 7 0 phos- 
phate buffer 

Total dose 
of lactogenic 
hormone 

Route of injection 

Crop reaction* 

Estunale 

per cent 

m 



tv ferni 

0 

0 2 

Intramuscular 

+,+, + 

30 


0 1 

Subcutaneous 

-f I -h. + 

2 

1 0 

Intramuscular 

+1 +> +i +. + 



0 76 

<< 

-b, +i + 

15 


0 40 

it 



0 20 

tf 

> > 1 » * 


3 8 

1 0 

Subcutaneous 

2+,2+,2-1-,3+,2-1-,4+ 



0 75 

4t 

2+, -b, 2-b 

5 


0 60 

t$ 



3 8 

2 0 

Intramuscular 

-b. +, + 



1 5 

it 


7 


1 0 

II 




0 5 

If 




* The lactogenic activity was classified into one of four arbitrary 
cording to the degree of proliferation in the crops, -h being the minimal e c 
able response and the maximal reaction 4-}- 


Previous experiments (7, 8) indicate that the biological activity of 
lactogenic hormone depends on the mtnnsic structure of tyrosme an 
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ammo groups in the molecule If the hormone-detergent complex forma- 
tion occurs, the loss of lactogenic activity may be due to mteractions be- 
t\\ een the detergent and either or both of these groups 

EXPERIMENTAL 

The methods for the measurement of viscosity and density have been 
descnbed m a previous paper (3) The urea used was the c p grade with- 



Fiq 1 Relative viscosity of lactogenic hormone plotted against the protein 
concentration in weight per cent 

out further punfication The deteigent was also not further purified 
The lactogemc hormone used had been shown to be homogeneous m the 
electrophoresis expenments and was prepared accordmg to the method 
descnbed previously (9) from sheep pituitary The bioassay of the hoi> 
mone as carried out m month-old squabs as is usually done in this labora- 
tory (9) and had a potency of 25 to 30 i u per mg 

SUMMARY 

The relative viscosity of lactogemc hormone solutions m the presence of 
urea and of a detergent (Nacconol) has been deteimmed The mcrease of 
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Viscosity and coincident lowering of biological activity of the hormone m 
detergent solutions have been demonstrated 
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THE INFLUENCE OF SUPPLEMENTARY CASEIN, CYSTINE, 
AND METHIONINE ON LIVER LIPID CONTENT 
OF ADULT RATS 

Bt MARJORIE G HORNING* and H C ECKSTEIN 

{From the Department of Biological Chemtalry, Medical School, University of Michigan, 

Ann Arbor) 

(Received for publication, May 25, 1944) 

In recent reviews on the relationship of choline and alhed substances to 
hpid metabolism (1, 2) considerable space has been allotted to the question 
of the mfluence of ammo acids and protem on liver lipid content It has 
been generally observed that the accumulation of unusual amounts of 
“fat” that occurs m the hvers of rats on a basal diet low in protem and high 
m fat (i e , a hpogenic diet) can be prevented by addmg either free methio- 
nme or additional protems contammg methionme to the ration When such 
a basal diet is supplemented with cystme, as the free ammo acid, the level of 
hver hpid content is even higher than when the hpogenic diet is fed alone 
The response obtamed -with methionme is cuiTcntly asenbed to the presence 
of a labile methyl group, but divergent opmions have been given to account 
for the results obtamed with protem In the ramds of Channon and co- 
workers (3) “either some other ammo acid exerts hpotropic action or 
alternatively added methionme is incapable of exertmg its full action m 
the absence of some other protem constituent ” On the other hand, 
Eckstem and his coworkers at Michigan (4, 5) beheve that the resultant 
effect of different dietary protems on hver hpid content can be asenbed to 
their methionme and cystme contents With the exception of threonme 
and hydroxyglutamic acid, all of the naturally occurrmg ammo acids have 
been studied with respect to their mfluence on liver hpid content and none 
has been found to behave hke cystme or methionme (5-7) Beeston and 
Platt (6) at one time reported that tyrosme exhibits some hpotropic action, 
but even this has recently been demed (7) Channon and associates (7) 
have embarked on a new method of attack by companng the effect on 
hver hpid content of the addition of different fractions of casern hydroly- 
sates to a hpogenic diet Their observation that casern, completely hydro- 
lyzed with sidfunc acid, is as effectively hpotropic as the ongmal protem 
mdicates that protem constituents concerned with this phenomenon are not 
significantly altered by the prolonged action of this mmeral acid In a 

* This report is from a thesis submitted by Marjone Janice Groothuis in partia 
fulfilment of the requirements for the degree of Doctor of Philosophy in the Horace 
H Rackham School of Graduate Studies of the University of Michigan 
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senes of additional experiments natne casern, the butanol-soluble frachon 
of completelj' hydrolyzed casern, and the butanol-msoluble portion of such 
a hydrolysate -n-ere added separate^ to a hpogemc diet (Diet G) The 
methionme, cystine, and tjTosme contents of these supplemented rations 
■were equalized by the addition of the ammo acids m the free form T}to- 
sine -was mcluded because of their behef that it might, m conjunction with 
other protem constituents, mfluence hver hpid content Their data show 
that a hpotropic action occurred when basal Diet G was supplemented m 
these three ways The butanol-soluble fraction proved to be most effec- 
tive, w'hile the butanol-msoluble portion w as least eflBcient These obser- 
vations led to the conclusion that the butanol-soluble fraction ofhj droljzed 
casern contams more of an additional ammo acid which decreases hver 
“fat” content or less of one which accelerates hier hpid deposition In 
other e'xpenments Diet G was supplemented •with (a) 15 per cent casern, 
(6) 15 per cent gelatm plus methionme, cjstme, and tvrosme, and (c) 
methionme, cystme, and t 3 Tosme The amounts of the free ammo acids 
added m (6) and (c) were sufBcient to equahze their content m all three 
diets AH three of these supplemented rations proved to be hpotropic and 
the a\ erage value for hver hpid content was essentiallj'- the same m the 
three cases Evident the equahzation of the content of the three amino 
acids m the diets was sufficient to produce the same degree of hpotropic 
action These findmgs adequately support the new held at hlichigan, 
and thus m the same m\ estigation different methods of attack supplj oppos- 
ing answers to the problem Treadwell, Groothuis, and Eckstem recentlj 
r(8) observed that the hi er hpid content of jmung rats on a basal hpogemc 
diet supplemented with methionme was significantly lower than that of 
young rats m which the methionme content of the ration was mcreased to 
the same extent as above bj' the addition of casern These findmgs sug- 
gested that methionme m the free form is supenor to casern so far as hpo- 
tropic action is concerned Howei er, m discussmg this apparent comph- 
cation Treadwell et al (8) carefully pomted out that the infenor response 
obtamed 'with casern might be asenbed to the greater increases m growth 
that occurred when the protem was used as the supplement Larger 
amounts of newlj formed tissue were undoubtedly^ laid down by' these 
young rats on this high protem regime, and the additional methionme was 
thus required for the deposition of e'xtra amounts of tissue protem 
view of t his mcreased requirement, less methionme may hai e been ai aiiable 
for hpotropic action It was therefore suggested that it would be desirab e 
to repeat these expenments with adult rats m the hght of the behef ® 
protem requirement of the rat decreases -with age Accordmg to Hamil on 
(9) young rats reqmre from 16 to 20 per cent of whole egg protem tor 
maximum gams m body weight, whereas 4 per cent of this matena is 
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sufficient for the maintenance of nitrogen equilibnum m mature rats (10) 
(w eight 250 gm ) In addition, Mitchell and Carman have demonstrated 
(11) that, m contrast to the significant nse m the percentage of total lipids 
of the whole rat that accompanies mcrease m age, a small but definite fall m 
the per cent of total nitrogen occurs as rats become older It is evident 
therefore that, as growth proceeds, the mcreases m weight can more and 
more be ascnbed to the deposition of greater proportions of fat, and it 
should follow that mth this mcrease m age less methionme needs to be 
requisitioned for growth and more should be available for other purposes 
The mvestigation to be descnbed was earned out with these ideas m mmd 

Adult male rats (weight 250 gm ) were placed on a basal hpogenic diet 
supplemented with ammo acids m the same manner as m the experiments 
with young rats referred to above (8) This basal diet consisted of 2 per 
cent agar, 5 per cent casern, 40 per cent lard, 5 per cent salt mixture (12), 
and 48 per cent glucose In addition each rat received 1 dry yeast tablet 
(500 mg ) and 2 drops of cold hver oil daily When the supplements of 
casern and the ammo acids specified m Table I were added to the basal diet, 
eqmvalent amounts of glucose were withheld Cystme was added to the 
diets m order to make these expenments comparable with our previous 
experiments with young rats (8) The expenments were termmated at the 
end of 3 weeks The method for total hpids differed shghtly from our 
regular procedure (14) m that the hvers were first frozen m dry CO 2 , and 
then pulvenzed m a metal crusher (15) pnor to the usual extraction with 
alcohol and ether 

Table I contams a summary of the results obtamed m this mvestigation 
as well as some of the data previously secured m this laboratory with young 
rats (8) The latter are mcluded for the sake of companson It is evident 
that fatty hvers can be produced when the basal ration is fed to either 
young or old rats This is illustrated in Senes I, m which the average 
liver hpid contents of the old and young rats are 24 2 and 23 6 per cent 
respectively In the remammg expenments, significant differences were 
observed between the responses of the young and old rats to dietary 
changes Thus m Senes II, the average value for hver lipid content of the 
older rats (Group 3), receivmg the basal diet supplemented with the free 
ammo acids, is practically the same as the correspondmg value for the older 
rats m Group 17 m which case the methionme content of the diet was m- 
creased by the addition of casern On the other hand, the average value 
for hver hpids of the young rats m these two groups differed decidedly, the 
respective values for Groups 3 and 17 bemg 11 2 and 26 3 per cent These 
observations are confirmed m Senes III m which identical values are 
recorded for the adult rats m Groups 4 and 18, and marked differences are 
reported for the young m these groups In Senes IV the values 9 5 and 
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10 8 per cent for the adult rats in Groups 6 and 19 respectively compare 
well with each other, while those for the young (16 7 and 26 5 per cent) 
differ significantly In Senes V, the values for the adults are agam m close 
agreement with each other, whereas those of the young are appreciably 
different 

The data on change m body weight show that all of the rats on the sup- 
plemented diets gained m weight and that the gains were greater when 

Table I 

Influence of Supplementary Casein, Cystine, and Methionine on Liver Lipid 
Content of Adult Male Bats 

The roman numerals in the first column refer to the senes The cystine and 
methionme contents of the diets in the individual senes are (mg per cent) respec- 
tively as follows Senes I (17 and 155), Senes II (217 and 620), Senes III (417 and 
620), Senes IV (817 and 620), Senes V (617 and 775) The cystine and methionine 
in the casein supplements were calculated from the analysis given by Kassell and 
Brand (13) The duration of the expenments was 21 days The data in the last 
colunm i\ ere obtained in a previous publication (8) Liver lipids n ere calculated on 
the fresh basis The values in parentheses are the vanations for the individual rats 
Eight rats were employed in Senes I, and seven in each of the remaining senes 


Group and 
senes No 

Supplemeots added to 
100 gm diet 

Aver 

age 

dally 

fo^ 

intake 

Change 

in 

weight 

Liver lipids (adult 
rats) 

Liver bpidi (irnins 
isU (8)) 

Caseu 

Cystine 



gm 

mg 

ng 

gm 

per cent 

per cent 

per eenl 

8-1 


0 

0 

11 8 

-1 1 

24 2 (10 5-34 2) 

23 6 (15 9-34 4) 

3-II 


200 

465 


-t-9 3 

9 6 (7 4-12 0) 

11 2 (7 0-16 0) 

17-11 

15 

149 



4-21 3 

9 9 (7 4-12 8) 

26 3 (22 2-32 4) 

4-III 


400 

465 

11 3 


10 5 (7 3-13 6) 

14 0 (7 2-38 6) 

18-Iir 

15 

349 


lEO 

-f-22 4 

10 5 (6 2-16 8) 

20 6 (13 0-28 4) 

6-IV 

0 

800 

465 

10 0 

4-10 3 

9 5 (8 2-11 6) 

16 7 (11 6-20 3) 

19-IV 

15 

749 

0 

9 9 

4-21 7 

10 8 (7 8-14 7) 

26 5 (21 6-33 0) 

I2-V 

0 

600 

620 

11 3 

4-7 1 

11 7 (9 0-16 6) 

9 9 (5 8-13 0) 

16-V 

20 

532 

0 

11 0 

4-21 2 

11 1 (7 1-17 9) 

19 S (14 6-30 4) 


casern was used as the supplement While no data were obtained on the 
total hpid content of the whole animals, it was stnkingly evident from mere 
inspection that m all of these older animals large amounts of fat were 
deposited This was not the case m the younger rats In view of these 
observations and the reports from Mitchell’s laboratory (9-11), it ^ 
opmion that less methionme is needed for mcreases m weight m the older 
rats and hence more is thus available for hpotropic action This will E^e 
to explain the differences between the results obtamed with the ad^ 
animals and our previous findmgs (8) with young rats In Senes II to 1 
inclusive the content of dietary ammo acids other than methionme an 
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cystine was increased 4-fold when casein was used as the supplement In 
Senes V this mcrease was 5-fold In spite of these wide vanations, the 
hver hpid content of all of the older rats was essentially the same Cer- 
tainly m these adult animals the hpotropic action can be ascnbed to the 
methionme content of the diets only 

SUMMARY , 

In experiments with adult male rats (weight 250 gm ) a basal diet con- 
taining 5 per cent casern was, so far as hpotropic action is concerned, just as 
effective when supplemented mth methionine and cystme as when supple- 
mented with sufficient amounts of cystme and casein to equahze the con- 
tent of the two sulfur-contammg ammo acids m the two diets When the 
basal diet was supplemented with casern, the protem content was mcreased 
from 5 to 20 per cent m some mstancea and from 5 to 25 per cent m others 
Evidently the 4- and 5-fold mcreases m dietary ammo acids other than 
cystme and methionme were without mfluence on hver hpid content and it 
IS concluded that m these adult rats the effects of the diets on hver hpid 
content may be explamed entirely by their content of cystme and methio- 
nme 
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ENZYMATIC SYNTHESIS OF ACETYL PHOSPHATE* 

By fritz LIPMANN 

(From the Biochemical Research Laboratory, Massachusetts General Hospital, Boston) 
(Recei\ed for publicaUon, May 1, 1944) 

Earlier reported prehmmaij’' results with bactenal enzyme preparations 
(1, 2) led to a formulation of pyruvate o\idation to yield acetyl phosphate 
as the primar}’^ reaction product in the following manner * 

CHjCO COOH + H OPOiH - CH.CO OPO»H, + COi 

In order to prove this suggestion, a studv of the chemistry of acetyl phos- 
phate was undertaken and eventually a method of determmation and a 
simple synthesis were worked out (3) With these available, on oxidation 
of pj ruvate the appearance of a labile organic phosphate was observed (4) 
w'hich closely resembled acetyl phosphate The present communication 
reports upon the isolation of this intermediary and its identification wnth 
acetyl phosphate The second pait of the paper deals with the linking 
between pyruvate oxidation and adenylic acid phosphorylation through 
acetyl phosphate as the intermediary This tiansfer of the phosphorjl 
group between acetic and adenylic acid w'as found to be reversible 

Enzyme Prepaiahons 

Bacillus acidificans Imgissimus Lafar w'as used as the source of the 
enz5Tne system This nigamsm is classified ordmarilj^ with the delbnwckit 
group (5) The ongmrl culture had been obtained in 1937 from the Insti- 
tut fur Gaerungsgewerbe m Berlm Thrs culture had been discontinued, 
and, when these studies were taken up again, such strains of Lactobacillus 
delbrueckii as were available in this country were tiled Three strains were 
kindly supphed by Professoi W H Peteison None of them was found to 
contam the stable pyruvic acid enzyme, although at least one, Lactobacillus 
delbrueckii 3, of this collection was almost indistinguishable in shape and 
behavior from Bacillus acidificans Eventually, a culture of the ongmal 
Bacillus acidificans longissimus was secured from England through the 
courtesy of Dr J G Davis who fortunately had continued the cultivation of 
the oiganism m which he had discovered (6) the unusually stable pyruvic 
oxidase system here under mvestigation 

* This n ork was supported by a grant from the Commonw ealth Fund 

* To avoid a discussion of the state of lomration, seeminglj not necessarj here, 
throughout this paper compounds are written in the form of free acids 
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The organism Mas groMm m a medium containing 15 gm of malt extiact 
(Difco), 20 gm of glucose, 10 gm of calcium carbonate, and 70 ml of j east 
autolysate m 1 liter of tap water After 25 hours incubation at 37“, the re 
maining calcium carbonate was removed by low speed centnfugation 1 he 
bactena were collected by continuous centrifugation through a cream sepa- 
rator (McCormick-Deenng) The paste was washed once by suspending 
it in one-tenth the ongmal volume of a solution containing 0 6 per cent 
sodium chlonde and 0 2 per cent sodium bicarbonate 
Drying Procedure— The washed paste is spread about 1 mm thick on 
large watch-glasses It is dned quickly in vacuum desiccators over phos 
phorus pentoxide When samples of 1 to 2 gm of the diy material are 
handled, most of the water may be removed m § to 1 hour, if a good vacuum, 
preferably by means of an oil pump, is applied To complete the desicca- 
tion the matenal is kept in vacuo overnight 1 to 1 5 gm of dry material 
was obtained per liter of culture fluid 
Characteristics of Dry Matenal — In the early stages of these studies an 
acetone preparation had been used (7) Vacuum drying yields prepara- 
tions of greater stability and more varied activity A further advantage is 
that these preparations contam the pyruvic oxidation system m extractable 
form AJl experiments reported in this communication were earned out 
with vacuum-dned bactena or denvatives thereof ‘ 

The stability of these preparations is remarkable The majonty of the 
experiments reported here were done with preparations kept since 1938 
First they were kept for 3 years at refrigerator temperature Then, as a 
slight decrease of activity was observed, the storage was continued at —35° 
No further loss of activity has occurred under theseconditions The activ- 
ity of dry preparations from different batches was rather constant The 
Qo> "Tith pyruvate was 7 to 10, at pH 6 3 and 37° 

Preparation of Enzyme Extracts — ^The dry matenal is very carefully 
ground to a dust-fine powder and suspended m 10 to 15 times its weight of 
0 03 M secondaiy phosphate solution Vigorous shakmg is needed to ex- 
tract the enzyme The suspension is shaken for 30 mmutes at 37° xvith 160 
excursions per minute A slightly misty, yellow-brown solution is obtained 
by the use of an ordmaiy centrifuge Without loss of activity, perfectly 
clear solutions w ere obtamed by centnfugmg at 15,000 n T m The protein 
content of such extracts is approxmiately 1 per cent The extractability of 


» These preparations contain the glycolytic system The fermentation is accom 
named by an extensive disappearance of inorganic phosphate In a typical expen 
ment 85 me of dry bactena were suspended in 1 ml of 0 1 ti bicarbonate so 

measured manometncally with pure carbon dioxide as the gas J” ^ 

917 microhtera of lactic acid were formed and 0 64 mg of inorganic P had d s PP 
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the enzj'mc system vaued from sample to sample, sometimes being loner 
than m the cited e\penments 

Example — In a 100 ml Erlenmej er flask. 0 55 gm of powdered dry bac- 
tena, 2 5 ml of 0 1 m disodium hydrogen phosphate, and 4 5 ml of water 
nere shaken for 30 minutes m a bath at 37 5° 4 ml of e\tract of pH 6 5 

were obtained To 1 ml of enzyme solution 0 25 ml of molar pyi uvate 
nas added, and oxj'^gen consumption was measured at 37 5° 695 nucro- 

hters of O 2 nere used in 60 minutes This corresponds to a Qoi 70 

In a few e\penments enzjTne solutions derived from Clostndtum hulyli- 
cuTO were used Tlus material w as kmdl}' supplied to us by Dr H J Koep- 
sell and Dr Marvin J Johnson It was the dry matenal obtained by lyo- 
phihzing the extract of frozen orgamsms The procedure is desenbed in the 
paper of Koepsell and Johnson (8) on pyruvate metabolism in extracts of 
Clostndtum bulyheum 


Analytical Procedures 

Manometnc measurements were carried out in the usual manner with 
conical and oblong rectangular vessels of 15 to 20 ml volume The oblong 
type (no inner cup) was used when efficient shaking of a heavy, rapidly 
metabolizing suspension w'as required The metabolism of pyruvate was 
followed either by measunng oxygen consumption, with alkali m the innei 
cup, or by following CO 2 production With large amounts of pyruvate the 
respiratory quotient is very exactly 2 and accurate calculation of the total 
CO 2 is possible by the use of the following formula, slightl}'' modified from 
that of Warburg (9) 


Microliters COj = nun reading X 


KcOj X Kpi 


Ko,- 


KcO} 
n 0 


A close agreement w as found between manometnc and titnmetnc estima- 
tion of pyruvate utilization (c/ Tables II and V and Table I with Fig 1) 
Pyruvate was determined titnmetncally by the lodometric method of 
Clift and Cook (10) 

Phosphate Fractions — Inorganic phosphate, referred to as P„ was esti- 
mated colonmetncally according to Fiske and Subbarow' (11) The color 
was equalized by warimng to 37° for 7 minutes (12) 

Acetyl phosphate, referred to as Poc, w'as determined by the procedure of 
Lipmann and Tuttle (3) as the difference between apparent phosphate and 
the phosphate precipitable wnth alcoholic CaCb at neutral reaction 
Adenyl polyphosphate, is referred to as P?, representing the “easily hydro- 
lyzable” phosphate liberated by heatmg wnth normal hydrochlonc acid for 7 
mmutes m a boiling water bath 
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Acehc acid was determined te steam distillation 100 ml of distillate 
H ere collected and titrated with n/ 60 sodium hj droxide A standard cun e 

as prepared It deviated slighth from theorj onl^ for titrations requiring 
below 1 ml of hj drovide solution 

Siher was titrated in strongly acid solution with 0 01 n sulfocjamde, a 
drop of 20 per cent feme ammomum sulfate bemg used as mdicator 

Preparations Sodium Pynwate—A. 15 to 30 per cent solution of freshlj 
distilledp}TUVTcacidiscooledandneutrahzedslowlj bj adding solid sodium 
bicarbonate, the amount used being not more than 90 per cent of the bicar- 
bonate needed for complete neutralization The sodium pjTUvate is pre- 
cipitated by mrang with 5 to 6 volumes of acetone and keeping it m the 
refngerator ovmmight A 95 per cent pure preparation was obtained in 
good jneld without reprecipitation 

Acetyl phosphate was svTithesized according to Lipmann and Tuttle (3) 
The silv er salt was stirred wnth a 10 per cent excess of sodium chlonde The 
filtered solution w as kept frozen at —35° In this form thesolution mai be 
kept for weeks without loss 

Adenylic acid w as a preparation w hich had been kindlj supphed to us hi 
Dr P Ostem 

Adenyl pyrophosphate was prepared bv the procedure described bv 
Dorothv hi Needhanq (13) 

Interdependence of Phosphorylation and Pyruvate Utilization 

In preparation for an isolation of the labile phosphate compound, the 
conditions of its formation and stabilization w ere studied, especiallj to find 
the optimum concentration of the reactants, p\ ruvate and phosphate In 
Table I the jneld of acetv 1 phosphate is compared with the mitial phosphate 
concentration The tabulated end-pomt analj'ses are supplemented b} the 
curves of Fig 1 , showing the tune course of oxidativ e decarbovj lat ion It 
appears that, aveept for the lowest concentration of phosphate, at first the 
carbon dioxide output is relativelj mdependent of phosphate concentra- 
tion The fairlj sudden drop in carbon dioxide formation which occurs at 
lower phosphate concentrations is due to a depletion of morgamc phos- 
phate It ma5 be concluded from these data that the sj-stem is saturated 
wuth phosphate at concentrations of 5 to 6 mvt per hter Com ersion of 
morgamc phosphate into acetv 1 phosphate leads, at low phosphate concen- 
tration, to exhaustion of the supply of morgamc phosphate and consequent- 
Ij to the standstill of the reaction At higher phosphate concentration con 

tinuous decomposition of accumulating acetj 1 phosphate, spontaneous and 
enzymatic, vuelds enough morgamc phosphate to metabolize the tota 
pjTTivate at a fmrlv homogeneous rate (c/ the last two fines in Table I) 
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Table I 

Ratio of Acetyl Phosphate Formation to Pyruvate Utilization 
Suspension of 40 mg of dry bnetenn m 0 013 m sodium acetate and 0 033 m sodium 
fluonde solution, with addition of varying amounts of inorganic phosphate Total 
volume per vessel 0 75 ml , bath temperature 37", air as gas phase 48 micromoles of 
pyruvate added at the start 


Pi initial 



im 

Pyruvate 

(blrnnetnc) 

disappearance 

Vac 

Pyruvate/2 


mtn 

mtcromfilts 

mtcromoles 

1 mtcromoUs 


2 0 

40 

0 8 

1 2 

1 

1 

6 5 

40 

0 8 

4 8 

12 5 

0 77 

16 5 

40 

5 2 

11 3 

30 

0 75 

16 5 

100 

3 7 

12 8 

44 4 

0 57 





Fig 1 The effect of phosphate concentration on initial rate and time course of 
pyruvate oxidation The rising curves represent carbon dioxide evolution, the 
corresponding falling curves acetyl phosphate formation 
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As a con%enient expression for the ratio bet^\een oxidatue decarboxyla- 
tion and phosphoi^dation the quotient P«/0:, equaling P„/(p}Tuvate/2), 
was used The values of this phosphor 3 lation quotient, hsted m the last 
columns of Tables I and II, serv e as a measure of the stabihzation of acetrl 
phosphate The stabilizing action of fiuonde is pronounced 0 03 vi 
fluonde the breakdown of added acet 3 l phosphate was usuallj inhibited 
somew hat more than 50 per cent An ac 3 1 phosphate-splittmg enzvme has 
been found quite commonh in bactenal and animal cells 


Table II 

Effect of Fluonde on Slabtltealion of icelyl Phosphate 



Character ol preparation 

Fluonde 

Initial 

pymvale 

-o* 

■ 

n 

0, 

1 


neJe 
per i 

nscrctneUi 

mcTortilei 


ntCTonoIes 


1 

Extract, 65 min incu- j 

0 

200 ‘ 

27 5 ! 

16 

24 

0 5S 



0 033 

200 ' 

2S 

20 5 

21 

0 73 


bation ^ 

0 033 

0 1 

4 

0 5 1 

41 


2 

Suspension, 42 mg perj 

0 

72 

35t 

5 

20 

0 14 


vessel, 140 min incu- 
bation 

0 033 

72 

34 5 

19 

S 4 

1 

0 55 

3 

Suspension, 50 mg per 

0 037 

1 250 

27 5 

S 2 

24 3 

0 3 


vessel, Preparation 
3S 








Preparation 39, SO min 

0 037 

250 

29 6 

19 3 

13 2 

0 65 


incubation 








* In Experiment 1 oxj gen consumption was measured, while in Experiments 2 and 
3 carbon dioxide production was measured and oxjgen consumption was calculated 
for B Q 2 


t In accordance with the manometnc measurement onb traces of p 3 ruvate were 
found chemicallj at the end of this experiment 

The values for the phosphor 3 lation quotient are seen more or less to 
approach umt 3 1 mole of acetv 1 phosphate ma 3 form, therefore, per mole 
of oxv gen used and per oxidation of a total of 2 moles of P 3 Tuv ate It had 
been shown previoush (7) that half of the p3Tuvate is oxidized non-enzv- 
maticall 3 b 3 ' h 3 drogen peroxide arising m the pnmaiv enzvme reaction 
through reoxidation of the leucoflavnn enz 3 me 

Enzi/malic— CH.COCOOH -f H,PO, -f- flavin thiamine enzyme 

CHiCOOPOjHj -f- COs -f fcucoflavin thiamine enzyme 
EeucoSavin + Oi — » flavin -f HjOj 

Non-Enspm^t,c~HO -h CHiCOCOOH + H.O CH,COOH + CO, + 2H.0 
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The secondarj'^ oxidation of pyruvate with hydiogen peroxide was found 
not to yield acetjd phosphate, at least not in water or at low phosphate con- 
centrations However, Baer (14) desciibed lecently a non-enzymatic 
oxidation by lead tetraacetate of pyruvic and phosphonc acids which yields 
acetylphosphoric acid 

Isolation of Acetyl Phosphate 

Outline — 1 gm samples of dry bacteria \\ ere shaken, in the presence of 
fluonde, inth phosphate and pyruvate in a proportion of 1 2 5, until the 
pyruvate had nearly disappeared Then 5 times the volume of ethanol was 
added After centnfugation, the supernatant fluid m as reduced in vacuo to 
a small volume From this, acetyl phosphate was precipitated wath con- 
centrated silver nitrate solution and ethanol The crude silver fractions 
from several such expenmen ts were combined For final punfication the 
silver fractions were dissolved with equivalent amounts of sodium chlonde 
and reprecipitated by excess silver nitrate After several such reprecipi- 
tations pure sdver acetyl phosphate was obtained 

Enzymatic Synthesis Deproteinization 

1 gm of diy bacteria was finely powdered and rubbed with 10 ml of a 
solution, 0 05 M in potassium phosphate, of pH 7, and 0 05 m in sodium 
fluonde The pH of the suspension was 6 3 A. total of 2 5 ml of 0 5 m 
sodium pyruvate solution was added to the 10 ml The suspension was 
shaken ivith air at a rate of 150 oscillations pei minute m a bath of 37° To 
foUow the reaction, 1 ml of the suspension was brought mto a manometnc 
vessel After 2 hours the rate of reaction had slowed down considerably 
-■kt that time 113 micromoles of CO 2 had been evolved from 125 micromoles 
of pyruvate Usually 60 to 70 per cent of mitial inorgamc phosphorus had 
then been converted to acetyl P 

The experiment was interrupted now, and the bactenal ddbns was re- 
moved by centrifugation and washed wuth 5 ml of w'ater The combined 
centrifugates, amounting to about 15 ml , w ere cooled, and with a few drops 
of normal nitric acid the pH was adjusted to approximately 4 Without 
delay 75 ml of ethanol were added, the mixture was kept m ice for 30 
minutes to promote flocculation, and the precipitate was centnfuged off 
The acidification makes protein precipitation wuth ethanol rather complete 
Furthermore, subsequent vacuum distillation removes from the acid fluid 
most of the free acetic acid, which interferes wuth purification of the silvei 
salt of acetyl phosphate Acetyl phosphate is sufficient!}’' stable at pH 4 
(3), especially m alcoholic solution 

Crude Silver Fraction — The slightly turbid alcoholic fluid w as brought into 
a 200 ml Claisen flask The alcohol and most of the water were then dis- 
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tilled off in vacuo, ivith an outside temperature of 30-32° The receiver 
contained 1 ml of normal sodium hydroxide and was packed in ice After 
30 minutes, when the fluid had been boiled doivn to about 2 ml , the dis- 
tillation was discontinued The flask was cooled in ice and left upright for 
a few minutes to collect the fluid in the bottom The fluid was transferred 
wth a finely dravn out pipette, the flask being iv ashed twice with a few 
drops of Mater A little flocculent precipitate Mas centrifuged off An 
amount of 2 5 ml of clear, sliglitlj’' greenish fluid Mas obtained containing 
6 6 mg of acetyl P and only traces of inorganic phosphorus, with reference 
to the imtial 15 mg of inorganic P a jaeld of 45 per cent The absence 
of inorganic phosphate is due to its precipitation as alkali phosphate 
from the alcoholic solution Without detectable loss, such solutions could 
be kept frozen for a week or longer 

A crude silver piecipitate was now obtamed m the follmving manner 
The 2 5 ml remaimng after vacuum distillation had been kept frozen at 
—35° for 3 days To the frozen solution of pH 5 5 Mere added 1 6 ml of 
20 per cent silver nitrate solution and 4 ml of ethanol A bulky precipi 
tate formed, and the imxture M'as kept for 3 houis at —35° With addition 
of an equal volume of alcohol, the ethanol concentration was brought to 66 
per cent, and the Mhite precipitate centnfuged off and washed dry with 
alcohol and ether 152 mg of a slightly broMHish product Mere obtained 
which contained 2 8 per cent of acetyl P, traces of inorgamc phosphate, 
nd 46 per cent of silver Disilver monoacetyl phosphate contains 8 8 per 
cent of P and 61 per cent of silver The first precipitate, therefore, con 
tamed approximately 30 per cent acetyl phosphate 

In the f 01 m of the silver sal t even the impure product may be kept practi 
cally indefinitely Moisture and light, of course, have to be excluded, and it 
IS prefeiable to keep the desiccator m the cold room 


Punficahon of Stiver Fraction 

From four analogous expenments, nearly 0 5 gm of crude silver salt of 
27 5 per cent purity m as obtained Of this, 457 mg , contaimng 1 96 mM of 
silver, Mere suspended in 7 ml of ice-cold water, and stirred mechamcally 
MTth outside cooling until a homogeneous suspension resulted Then, 1 8 
ml of molar sodium chloride were added dropMise, and the stimng was 
continued for 15 minutes A dirty white precipitate separated out on 
standing Without removal of the precipitate, 0 5 ml of molar calcium 
nitrate solution was added, followed by 1 ml of ethanol Only a shght 
precipitate of calcium phosphate formed After a few minutes standing, 
the combined precipitates were centnfuged off AU mampulations de 
scnbed m this and the following paragraphs reqmre, of course, effective 
cooling, although it was not found necessarj^ to use a cooled centrifuge 
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To the clear and colorless supernatant 3 ml of 20 per cent silver mtrate 
solution were added, and a rather copious white precipitate settled out The 
solution was frozen bnefly and while frozen its centrifugation was started 
On centnfugation the solution had thawed and the precipitate (I) had col- 
lected at the bottom To the supernatant an equal volume of ethanol was 
added and it gave an appreciable further precipitation (II) Precipitate II 
was dned with alcohol and ether 

Precipitate I was dissolved, without w’ashing, by excess mtric acid The 
solution was then neutralized cautiously to pH 5 with sodium hydroxide 
solution An equal volume of ethanol was added and the slightly brownish 
(silver oxide) precipitate w'as dned with alcohol and ether Precipitates I 
and II, each amountmg to somewhat over 30 mg , gai e very similar analyses 
and were combmed 

This product contained 6 7 per cent acetyl P, 1 5 per cent of morgamc 
phosphorus, and 43 per cent of silver The punty had increased m this 
step to around 65 per cent Some decomposition, however, had occurred as 
indicated by the appearance of morgamc phosphate This was due mostly 
to dissolving m acid and reprecipitation with alkali, a procedure which is 
effective with banum fractions but not lecommendable with silver prepara- 
tions 

The 65 mg of the combmed preparations, contammg 0 26 mw of Ag, 
were suspended m 1 ml of w'ater When the matenal was stirred, the re- 
action of the suspension becamefaintly acid to Congo red paper, while much 
of the compound dissolved With continued stirnng 0 23 ml of normal 
sodium chlonde was added, also 3 drops of ethanol to counteract frothmg 
The silver chlonde was filtered off by suction on a micro funnel (15) and 
rinsed with 0 25 ml of water The filtrate was neutralized wath 3 drops of 
0 35 N banum hydroxide solution, and a drop of normal calcium nitrate and 
0 25 ml of ethanol were added The calcium phosphate w'as filtered off 
and 0 7 ml of 20 per cent silver nitiate solution was added After the 
mixture had stood m ice water foi 20 minutes, the silver precipitate was 
collected on the centnfuge, this time wathout addition of more alcohol It 
was washed wnth 50 per cent alcohol and dned wath alcohol and ether 

The yield was 23 mg The analytical data, given on the third hue m 
Table III, indicate the rather high degree of punty After analysis there 
remamed 12 mg They were suspended in 1 25 ml of water Most went 
mto solution, leavmg some flocculent yellowish matenal undissolved The 
pH of the solution was about 6, and, m order to neutralize fully, a little 
freshly precipitated silver carbonate w'as added The solution was sucked 
through a nucro filter and reduced in vacuo until crj'stals started to settle 
out An equal volume of alcohol was added now, and the partly cry stalline 
matenal w as collected on the centrifuge, washed with alcohol and ether, and 
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kept overnight in a vacuum desiccatoi over phosphorus pento\ide The 
yield vas 8 1 mg The analysis of this compound shown on the fourth line 
in Table III agrees with the composition of disilver monoacetyl phosphate 
Since the acidified solution of the compound decomposes readily on heat- 
ing (3), the acetic acid content is easily determined by steam distillation 
The identity of the volatile acid was ascei tamed in the followang manner 
The steam distillate v as neutralized with some e\cess of sodium hydroxide, 
dried on the steam bath, and a Duclaux distillation iias earned out In 
practical agreement vith a yield of 43 3 per cent for pure acetic acid, 42 4 
per cent of the \ olatile acid present in the isolated sil\ er salt distilled mth 
the first 10 ml m our apparatus For further identification, a little freshlj 
prepared uranjd carbonate uas dissolved ivith cautious heating in a drop of 
distillate On addition of a ciystal of sodium chloride typical pyramids of 
sodium uranyl acetate formed copiously ’ 


Table III 

Progress of Pnrificalton of Stiver Salt 
The values are given in per cent 


Fractions i 

n 

WEM 

As 

Acetic acid 

Initial 

0 5 


46 


1st reprecipitation 

1 9 


43 


2nd 

0 


62 


3rd “ 

0 


63 


Calculated for C HjOjPAg 



61 0 



Coupling between Pyruvate Oxidation and Adenylic Acid Phosphorylation 

Rather crude experiments had indicated earlier (1) that an enzymatic 
transfer of phosphoryl may occur from acetyl phosphate to adenylic acid 
These observations have been corroborated noiv It appears that m the 
bactenal enzyme system the over-all transfer of inorganic phosphate to 
adenjdic acid by way of pyruvate oxidation can be differentiated into tw'o 
phases, the oxidatii e generation of the energj'-rich phosphate bond in ace 
tyl phosphate and the transference of phosphoryl from acetyl phosphate to 
adenylic acid The analysis of the first step of this sequence was described 
in the preceding paragraphs The following will deal with the coupling re- 
action and the distinction of its two phases, generation and tiansfer of 
bonded phosphate 

Yield of Adenyl Phosphate — The current nomenclature, referring the 
senes of adenyl phosphates to adenosine as mother substance, is misleading 

“ For carrying out these identity teats, I am thoroughly indebted to Dr H Albert 
Barker, Berkeley, who at the time of these experiments was a guest of this laboratory 
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because this usage treats as equal two essentially different phosphate bond 
types Adenylic acid, the adenosine wioiiophosphate, contains an ordinarj 
ester bond only, nhile adenosine di- and fnphosphate contain one and two 
energjr-nch bonds in addition to the ester bond We use a nomenclatuie 
1 efernng to aden 3 dic acid as the mother substance of the senes This avoids 
ambiguity and focuses attention on the metabolicalty active phosphorjd 
radicals As a group term adenjd phosphate is used Adenyl di- or pyro- 
phosphate, and adenjd monophosphate are conveniently shortened to 
ad~ph~ph and ad~ph respectivelj' The sign ~ph is used for the 
energy-nch phosphate bond m its vanous forms, as has been recommended 
earlier (16) 

As shown in Table IV, betw een 0 25 and just oi'ei 0 5 mole of P? per mole 
of ovj'gen appeared There is significant vanation mth different batches 


Table IV 

Ratio of Oxygen Uptake to Adenylic Acid Phosphorylation 


Preparation 

No 

Initial 

adenylic 

acid 

Pi 

Oxygen 

consumed 

Pj 

0> 

Outline of experiment 


mxcTomoUi 

mtcremoUi 

micromoUt 



1 

26 

4 1 

17 0 

0 24 

Suspension of 36 mg drj bactena 

s 

26 

7 7 

16 0 

0 48 

ID 0 04 M NaF-phosphate solu- 

2 3 

26 

9 6 

18 2 

0 63 

tion, 100 micromoles pyruvate 
added, 60 mm incubation at 
37' 

1 

27 

3 1 

13 7 

0 23 

Same as above, 50 min incuba- 
tion 

3 4 

40 

0 

12 5 

0 

0 5 ml phosphate extract from 40 
mg bacteria, 60 mm incuba- 
tion 


of bactena due presumably to a vanation m enzyme distribution and similar 
to that found for acetyl phosphate accumulation (Table II) Fluonde 
stabilizes the easily hj^drotyzable phosphate Breakdonm of added adenj 1 
diphosphate w as vanable but pronounced, although in the presence of fluo- 
nde it was only 10 to 13 per cent per hour 
A yield of adenyl phosphate lover than of acetyl phosphate (Table II) 
may indicate either a sluggishness of transfer or an equilibnum betv een the 
two compounds Some clarification was brought through simultaneous 
estimation of the tw'o phosphate fractions In the experiment shown m 
Table V the reaction w as mtei rupted w hen, mole per mole, pj^ruvate break- 
down amounted to slightty more than twuce the inorganic phosphate present 
initialty At that time the rate of reaction just started to slow down, and 
inorganic phosphate had disappeared almost completeh In the absence 
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of adenylic acid, acetyl phosphate was the only product of phosphorylation 
With adenylic acid present, however, the phosphoryl is distnbuted between 
adenyl phosphate and acetyl phosphate Obviously the phosphorylation 
of adenylic acid is branching off from the oxidative reaction of which it is not 
an integral part Adenylic acid even slightly depressed the rate of pyru- 
vate oxidation 

Table V 

Ratio of Oxygen Uptake to Total Phosphate Disappeared 


39 mg of bacteria per vessel were suspended in 0 85 ml of 0 03 m NaF solution 
containing 22 2 micromoles of inorganic P 73 micromoles of pyruvate were added 
at the start 37°, air, 105 minutes incubation 


Preparation 

No 

Adenylic 

acid 

added 

Pyruvate 

(titnmetric) 

CO* 

(mano 

metric) 

P distribution 

Pi 

Pf 

0* 

Pr 

P« 


micromoUs 

mtCTomoUi 

micromoles 

mtcTomoles 


mieromoJes 

mtcTomoles 

7 

11 2 

-54 6 

52 

-20 3 

0 75 

3 7 

15 3 

7 

0 

-60 6 

63 

-21 6 

0 72 

0 8 

19 8 

2 3 

11 2 

-51 0 

53 

-21 1 

0 83 

10 6 

9 3 

2 3 

0 

-63 5 

70 

-18 0 

0 57 

1 6 

15 8 


* Oi ■= pyruvate/2 


Table VI 


Resolution of Coupling Reaction into Oxidative and Anaerobic Stages 
buspension of 45 mg of dry Preparation 2 3 in 1 0 ml of 0 025 M NaF solution 
incubated at 37° All data are given in micromoles 


Procedure 

Adenylic 
acid added 

1 

Pyruvate 

Phosphate distribution 

P7 

Pac 

Pi 

Stage 1 Incubation in 

0 

76 5 

0 6 

0 

20 4 

oxygen, at start 

1 

1 ' 





Same after 115 mm 

1 i 

1 2 3 

1 3 

14 4 

5 8 

Stage 2 60 min men- | 

11 2 


6 5 

6 2 

9 7 

bation m nitrogen 

0 

! 1 

1 3 

6 9 

13 0 


Resolution of Coupling into Aerobic and Anaerobic Phase — The folloiving 
experiments show diiectly the two phase natuie of the over-all coupling 
In the experiment of Table VI, pyruvate w'as oxidized and acetyl phosphate 
accumulated to the extent showm by the analysis at the end of the aerobic 
period Air was replaced then by nitrogen in order to exclude any further 
energy supply and adenylic acid was added from the annex of the vessel 
Incubation was continued for 1 more hour The result of the anaerobic 
pel lod is a migration of about half of the acetyl-bound phosphorus to ade 
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nylic acid, the phosphoryl distnbution being now 55 per cent bound to ade- 
nylic acid and 44 per cent bound to acetyl The experunent furthermore 
exemplifies the unavoidable loss of acetyl phosphate, largely by enzyme 
action, amountmg m this case to 50 per cent per hour 
The equivalence between enzymatic and synthetic acetyl phosphate is 
emphasized by the experiment of Table VII In this experiment a solution 

of acetyl phosphate was used which was denved from pure crystalhne silver 
monoacetyl phosphate The enzyme preparation was the same as m the 
experiment of Table VI and practically the same amount of acetyl phos- 
phate was present at the start of anaerobic incubation The adenylic acid 
concentration, howeveij was 50 per cent higher here Accordingly more 
phosphoryl shifted to the adenylic acid side than m the earher experiment 
The phosphoiyl distribution after mcubation was 73 per cent adenyl-boimd 
and 27 per cent acetyl-bound 


Table VII 

Transfer of Acetyl-Bound Phosphorus to Adenylic Acid 


The same preparation and the same proportions as m the experiment of Table VI 
All data are given in micromoles Here, however, 15 micromoles of synthetic acetyl 
phosphate are added and incubation is in nitrogen only 


Incubation tune 

Adenybc 
acid added 

Pr 

Per cent of 
(Pi + P«) 

B 

Per cent of 
(Ft + P«) 

P< 

At start 


2 1 


15 0 


4 0 

After 60 mm 

15 6 

8 0 

73 

2 9 

27 

10 0 

“ 60 “ 

0 

2 1 


6 9 


12 1 


Phosphorylation of Fatty Acid Carboxyl by Adenyl Pyrophosphate 

The data of the experiments recorded m the Tables V to VII suggested 
that the transfer of phosphoryl from acetyl phosphate to adenylic acid ap- 
proached a state of equilibrium They did not, however, exclude ngidly the 
possibfiity that the mcompleteness of reaction was due to sluggishness To 
prove the establishment of a true equilibrium, the reverse reaction had to be 
demonstrated In the expenments of Table VIII adenyl pyrophosphate 
and acetate, or butyrate, were incubated ivith enzyme preparations from 
Bacterium delbrueckii and Clostridium butylicum Butyrate was included 
because Koepsell and Johnson had privately communicated to us observa- 
tions indicating m Clostridium butylicum the formation of some butyryl 
phosphate as well as acetyl phosphate Small amounts of labile phosphate 
appeared on mcubation ivith both fatty acids In the case of the Clostri- 
dium butylicum enzyme a homogeneous solution was used Bacterium del- 
brueckii had to be used m a suspension because our extracts did not contam 
the transfer enzjTne (c/ Table IV) Although the results were more uni- 
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form ^\^th the soluble enzyme, phosphate transfci from adenyl to acyl was 
e^udent -with both enzymes 

It IS probable that in these experiments a final equilibrium was not yet 
obtained from either side Nevertheless, the data may serve for an approx- 
imate calculation of the equihbnum constant of the reaction 

Adenyl~ph + acetyl~ph adenyl~ph~ph acetate 

In this equation adenyl monophosphate is assumed the pnmary reac- 
tant Meyerhof el al (17) show'ed for the similar coupling between glycer- 
aldehyde phosphate oxidation and adenylic phosphorylation that not 
adenylic acid but the adenyl phosphate, containmg already one energy- 
rich phosphate group, w as the true acceptoi When adenylic acid is active, 


Table VIII 

Phosphorylation of Fatty Acids by Adenyl Pyrophosphate 




Before incubation 

After 50 

mm incubation 37 

Enzyme preparation 












Pt 

Poo 

P< 


mote 
per 1 

micromoles 

mtcromoles 

mtcromoles\ 

mtcromoles 

mtcromoles 

mtcromoles 

Suspension of dried B 

0 03 

0 


0 

0 2 

0 2 

4 5 

def6rtiecA.li, No 2 3, 


200 


6 8 

5 2 

1 2 

6 2 

total volume 0 58 
ml 

0 03 

130 


28 5 

23 0 

1 2 

8 9 

Extract of frozen Cl 

0 02 

100 


18 0 

15 0 

1 0 

9 6 

butyhcum (8), total 



70 

18 0 

14 0 

2 0 

9 6 

volume 0 55 ml 




18 0 

16 6 

0 4 

8 6 


0 008 

100 


18 0 

14 2 

1 8 

9 6 



i 

70 

18 0 

14 2 

2 4 

9 0 





18 0 

16 0 

0 6 

9 0 



i 


0 

0 2 

0 

7 6 


as it IS in our preparations, most probably a phosphodismutation with some 
adenyl diphosphate present yields adenyl monophosphate in the manner 
described by Kalckar (18) For this reason the data of Table VIII, ob- 
tained for the reverse reaction, right to left, are considered more suited for 
a calculation because there the pnmary reactants were added to the 
system 

For the estimation of the constant, 

^ _ ad~ph~ph X acetate 
ad~ph X BO~ph 

the concentiation of adenyl monophosphate (ad~ph) was roughly calcu- 
lated (c/ (18)) as half the difference between added and remaining easily 
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hydrol} zable phosphate The molar concentration of ad~ph~ph is ob- 
tained by halving P7 after deduction of ad~ph With the data of the 
Closindium expenment, K for acetate is 



(100 - 1 8 ) 


18X10 


= 177 


The constant foi butyrate would be somewhat lower 
Assuming the value of 177 for the constant as an acceptable approxima- 
tion, ve may proceed to calculate the difference between the bond energies 
m acetyl and adenyl phosphate respectively Using the equation (19), 

AFo = -RT In if = -4 58 X r X log K 

we obtain for 37° 

AFo = -4 58 X 310 X 2 6 = -3 55 kilocalories 

The bond energy of the carboxyl phosphate is therefore some 3 kilocalones 
higher than the average energy of 12 kilocalones of the energv-nch bond 
It will amount to around 15 kilocalones 


Acelyl Phosphate Formation with Other Organisms 

Koepsell and Johnson (8) found recently mth extracts of Clostridium 
butylicum anaerobic splitting of pyruvate to acetyl phosphate (private 
communication), hydrogen, and carbon dioxide, and Utter and Werkman 
(20) demonstrated with Escherichia coh extracts a decomposition of pj- 
ruvate to acetyl phosphate and formate 

CH,COOPO,Hs H, CO, (a) 



CH,CO COOH + H OPO,H, 



CHjCOOPOiH, + HCOOH (6) 


Formation of the energy-rich acyl phosphate bond appears here as the re- 
sult of intramolecular rearrangement in the phosphate-pj ruvate addition 
product The rearranged molecule eventually splits into two or more 
parts, dependmg on the particular enzyme or enzyme system The proba- 
bility of such a course of reaction is emphasized by indications for the rever- 
sibility of the “phosphoroclaatic” splitting of pyruvate Such indications 
are found in the inhibition of reaction (o) by hydrogen (21), and in unpub- 
lished experiments of ours on the reversal of reaction (b) The formation of 
small amounts of keto acid was observed on incubation of Escherichia coh 
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extracts with a combmatioii of acetyl phosphate and formate Keto 
acid was determined colonmetncally by the method of Fnedemann and 
Haugen (22), which is fairly specific for pyruvate 

SUMMAHT 

1 The formation of a labile phosphate compound as the oxidation prod- 
uct of pyruvic acid ivith a bactenal enz 5 rme system is descnbed 

2 The compound is identified as monoacetyl phosphate by isolation of 
the silver salt in pure state 

3 The enzymatic transfer of phosphoryl groups between acetyl phos- 
phate and adenylic acid is studied The reversibihty of the reaction is 
demonstrated through the observation of a phosphorylation of acetic acid 
by adenyl pyrophosphate as phosphate donor 
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A need rose in this laboratoiy for the determination of the nboflavin m 
the cornea of the rat Since there are but 4 or 5 millinucrograms (10~® gm ) 
of nboflavin present in each cornea, existing methods were found made- 
quate The success of the microbiological method of Snell and Strong (1) 
for the detenmnation of amounts of nboflavin of the order of 100 millimi- 
crograms suggested the possibility of obtaimng the required sensitivity by 
a micro modification of this procedure After numerous modifications it 
has been possible to develop a reliable and practical method for measunng 
0 5 to 2 0 millimicrograms of nboflavin with an over-all precision of 3 to 5 
per cent, which is as good as or better than can be obtained ivith the 
macromethod 

Penmngton el al (2) suggested reducing the volume of giowth medium 
from 10 ml , as used in the onginaJ procedure, to 0 2 ml and allowmg 
growth to occur in the individual depressions of spot plates In our hands, 
failure was regularly encountered in the use of this micio modification 
The substitution of mdnudual serological tubes for the spot plate depres- 
sions led to some moderately successful assays, with frequent failures and 
erratic results Furthermore, the amount of acid produced per umt of 
nboflavm was considerably less at the 0 2 ml volume than at the standard 
10 ml volume, which decreased the sensitivity These difficulties were 
therefore mvestigated and, as a result, it has become possible to modify the 
conditions of giowth of Lactobacillus casei so that entiiely consistent results 
may be regularly obtained wnth the order of 1 millimicrogram of nboflavin 
in a volume of 0 2 ml That this is by no means the limit of sensitivity is 
shown by the fact that good results have been obtained ivith 0 1 to 0 5 
millimicrogram of nboflavm in an incubation volume of 0 05 ml 4 7 of 
liver, perhaps 400 cells, contain 0 1 imllimicrogram of nboflavm 

Method 

Reagents and Materials — ^The medium used for groivmg the Lactobacillus 
easel for inoculation and the nboflavin-free basal medium are the same as 
desenbed by Snell and Strong, except that potassium acetate is added to 
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make the former 0 15 m m potassium acetate and the latter, 0 3m Since 
the basal medium is finally diluted 1 1, the final concentration of potassium 
acetate m this medium is hkeivise 0 15 m In addition to the potassium 
acetate, 0 5 ml of 0 4 per cent cysteine solution is added to each 10 ml of 
basal medium 3 ust before inoculation A few ml of cysteine solution are 
freshly made each time from either cysteine and water, or cysteme hydro- 
chlonde Avith the calculated amount of NaOH The solution is boiled just 
before use and added to the stenle basal medium -with a stenle pipette 

The assays are earned out in 0 75 ml serological tubes, 6 X 50 mm 
These are cleaned routinely by boiling bnefly in half concentrated mtnc 
acid and then boiling m distilled water This avoids the use of chromic 
acid The w ashed suspension of Ladohacillus casei is prepared as usual , we 
have obtained most consistent results from an 18 to 24 hour culture made 
from a work stab not over 1 week old 

Procedure 

To the tissue sample contaimng 2 to 8 millmucrograms of nboflavin is 
added 0 1 ml of 0 1 n HCl, either with a 0 2 ml graduated pipette, the 
end of which has been drawn out to a slender tip, or better, ivith a Levy- 
Lang constriction pipette (3) The tubes are plugged wnth cotton and auto- 
claved for 15 minutes at 15 pounds pressure, with care thereafter to pro 
tect from light, especially w hile still hot The weight of a few tubes before 
and after autoclanng should be determined to see that no sigmficant change 
occurs m the volume After cooling, exactly 0 3 ml of 0 030 n NaOH is 
added with a slender tipped 1 ml graduated pipette, or a constnction 
pipette, and each tube is promptly and thoroughly mixed by tivirhng in the 
tube a slender rod ivith a hooked end This leaves the solution wth an 
excess acid concentiation of about 0 002 m Three 0 1 ml aliquots are 
transferred to 0 75 ml sei ological tubes (6 X 50) At the same time, tubes 
for establishing a standard curve are prepared by measunng out 0 1 ml in 
tnpheate of each of four standards and a blank The standards contain 

0 5, 1 0, 1 5, and 2 0 milhmicrograms of nboflavin per 0 1 ml or 0 5, 1 0, 

1 5, and 2 0 t per 100 ml , and are made up in 0 002 n HCl The blank is 
0 002 N HCl 

All the tubes are plugged with cotton and autoclaved for 15 minutes at 
15 pounds pressure The whole rack should be wrapped m black cloth dur 
mg autoclaving and until thoroughly cooled 

The tubes are inoculated as suggested by Pennington el al (2), bj pipett- 
ing into each tube 0 1 ml of basal medium previously inoculated with 2 
drops of a w ashed suspension of Laclobacillus casei per 10 ml The sus- 
pension of bacilli IS prepared as m the regular Snell and Strong procedure 
The medium is added with a 1 ml stenhzed pipette, the tip of which is 
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dra^\’n out to a slender point and slightly bent The volume of basal 
medium must be delivered vuth an accurac}’’ of 2 to 3 per cent for best re- 
sults The cotton plug is replaced and each tube is mixed by tapping ivith 
the finger Flaming of the mouth of the tube is unneeessary 

The rack of tubes is placed in a vacuum desiccator contaimng damp 
cotton su abs, and the air therein replaced with COj by alternately reducing 
the pressure to about 150 mm of Hg and introducing CO 2 back to atmos- 
phenc pressure After this procedure is repeated four or five times, the 
pressure is left at about 700 mm of Hg and the desiccator is placed in an 
incubator at 38° for 3 days 

The tubes are then removed from the desiccator A minute droplet of 
caprj he alcohol is added to each tube to prevent foaming and the CO» is 
bloun off by carefullj aerating each tube mth a capillary tube of not o\ er 
0 5 mm diameter The bubbles should be small enough so that spattering 
IS entirely confined to the tube After aeration for 1 minute, a 0 02 ml 
drop of 0 04 per cent brom-thymol blue is added and the tube is titrated 
Mith 0 3 ^ NaOH from a 0 2 ml Rehberg burette Stirring is accom- 
plished bj bubbling uith air Neither the air bubbler nor the burette tip 
should be o\ er 0 7 mm in diameter Since the indicator is soluble in 
capryhc alcohol, the amount of caprjdic alcohol used should be kept small, 
and bubbling dunng titration should not be too prolonged While one 
tube IS being titrated, the next tube is being aerated, so that the prelimi- 
nary aeration does not add to the time involved 

The results are calculated from the standard cunm, just as v ith the micro- 
biological assay on 10 ml Hon ever, with some tissues the results are 
influenced by the presence of substances other than riboflavin m the tissue 
extract The followng procedure appears to obviate this difficulty m a 
most satisfactory manner, and should be used for highest precision if con- 
ditions mil permit Tissue of the type bemg analyzed is extracted, etc , 
exactly as described above, but on a larger scale The final extract in 
0 002 N HCl IS irradiated for 30 mmutes m a Pyrex tube at a distance of 3 
or 4 cm from a General Electnc HB-4 mercury arc lamp to destroy the 
nboflavm present With as little dilution as possible, standards are pre- 
pared from this extract contammg 0, 0 5, 1 0, 1 5, and 2 0 millimicrograms 
of nboflavm per 0 1 ml To produce the standard curve, these standards 
are used m place of pure nboflavm solutions 

DISCUSSION 

The changes made m adaptmg the Snell and Strong method to the 0 2 
ml level were mtroduced as a result of observing that (a) riboflavin is par- 
tially destroyed during autoclavmg m small tubes at pH 7 0, (6) air is m- 
hibitory to Lactohacilliis casei, (c) C 02 stimulates the growth and acid pro- 
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duction of this organism, (d) buffers m the pH range from 4 to 6 stimulate 
growth and acid production, (e) on standmg after autoclavmg, the basal 
medium may become defective and it can be restored m effectiveness ivith 
cysteme 

Desirudion on Autoclaving — Although nbofla^^n is ordmanly considered 
stable to autoclavmg between pH 7 0 and 1 0, it was found that when 
small tubes w ere used there was a marked destruction of nboflavm on auto- 
clavmg m distilled water This was probably due to the alkali surface 
layer of soft glass This loss ivas avoided by the routine cleanmg of the 
small soft glass tubes m boilmg mtnc acid and by adjustmg the extracts 
and standard nboflavm solutions to an HCl concentration of 0 002 n 
Inhibition by Air and Stimulation by CO 2 — ^The factor w'hich was found to 
be most disturbmg to assays on a 0 2 ml scale was the presence of air The 
Lactobacillus casei appears to be mhibited by even moderate tensions of 
oxygen This effect is obscured m large tubes, where the large moculum 
and subsequent large bulk of organisms undoubtedly keep the oxygen ten- 

Tablb I 

Influence of Gas Phase on Acid Production 
The acid values represent c mm of 0 3n acid produced withl 1 millimicrograms of 
nboflavm 


CO, % 

N, % 

O. % 

100 

0 

0 

9S 

0 

2 

80 

0 

20 

H 

0 

80 

20 

Air 

Acid produced 

29 1 

24 9 

21 0 

21 3 

17 4 

19 0 


Sion low m the deeper layers of the tubes Furthermore, the depth of 
hqmd is 4 or 5 times greater m the large tubes than m the small ones, which 
would decrease the penetration of oxygen into the deeper layers In Table 
I IS shoivn the acid production m the presence of air, CO2, and N2 with 1 1 
mdlimicrograms of nboflavm m a 0 2 ml volume Compaied with the re 
suits m air, there is a marked stimulation by CO2 and slight stimulation by 
nitrogen In similar experiments, in which the tubes were incubated in air, 
shaking durmg groivth produced additional inhibition, w hereas there w as no 
inhibition due to shakmg when mcubation took place in CO2 

Stimulation by Added Buffer — In confirmation of the findmgs of Stokes 
and Martin (4) it w'as observed that the addition of extra acetate to the 
basal medium increases both growth and acid production with a given 
amount of nboflavm This appears to be due to the increased buffer capac 
ity of the basal medium, since a vanety of other buffers m the region of 
pH 4 to 6, c 3 propionate, butyrate, acid phthalate, and p5Tidme, likewase 
increased the production of acid Acetate proved most satisfactory, and 
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potassium acetate was chosen smce larger amounts of the potassium salt 
than of the sodium salt were tolerated by the bactena before inhibitory 
eflfects appeared 

Old Media — In spite of the substitution of COi for air in the microbiologi- 
cal assay, inth resultant marked improvement m results, occasional assays 
failed This failure was traced to the use of basal media which had been 
autoclaved and then allowed to stand for some time m the ice box before 
use This trouble was completely overcome by the addition of cysteme to 
the medium just before use Aditional eystme or thioglycohc acid helped 
somewhat but neither was as effective as cysteine Eeboilmg the medium 
]ust before use did not result m improvement 



Fig 1 Standard curve of acid production versus nboflavirv 


Additional Factors — The evaporation of water during incubation is rela- 
tively much greater from the small tubes contammg 0 2 ml of solution than 
from large tubes contammg 10 ml If uncontrolled, this evaporation tMll 
produce low and erratic results This effect is easily prevented with tubes 
grown m an enclosed chamber by the introduction of w et cotton swabs mto 
the chamber 

It IS likely that almost all tissue extracts, no matter how prepared, m- 
fluence m one degree or another the amount of acid produced for a given 
amount of nboflavm It has been repeatedly shown that, unless lipids are 
removed, a marked stimulation of acid production will result (5, 6) The 
remoial of hpids, however, does not completely solve the problem In 
Fig 1 IS shovTi the result of addmg nboflavm-free (irradiated) comeal ex- 
tract to a senes of tubes, formmg a standard curve of acid production versus 
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nboflavin The nboflavin-free extract was prepared as descnbed above 
and piobably contained little or no lipid Extract equivalent to 0 2 mg 
of cornea nas added to each tube 

It vnll be seen that the influence of the tissue extract on acid production 
depends on the amount of nboflavin present The influence vanes from 0 
with 0 5 milhnucrogram of nboflavin per tube to an inhibition of 18 per 
cent Mith 1 3 millimicrograms of nboflavin To show whether or not the 
ultraviolet light used in the destruction of nboflavin produced an aberra- 
tion in this curve, knoivn amounts of nboflavin were added to non-irradiated 
comeal extract The recovery calculated from the lower curve m Fig 1 
was withm the limits of error of the method 

As a result of the foregoing observations the procedure detailed above 
was adopted, and it has given uniformly consistent results In Table II is 


Table II 

Reprodiictbility of Ttlralton wtth Pure Rtbojlamn Solutions 


Riboflavin 

Average* titration 

Standard deviation 

Coefficient of 
vanation 

PE U t 

millmtcrograms 

c mm 

c mm 



0 55 

16 6 

0 4 

2 9 


1 10 

27 8 

0 3 

1 7 


1 66 

36 1 

0 6 

2 3 


2 20 1 

1 

42 4 j 

0 7 

3 0 



* C mm of 0 3 N NaOH corrected for the blank 

t Probable error of the mean, expressed as per cent of the mean, for an assay m 
triplicate 


shown the reproducibility for pure nboflavm solutions as evidenced by six 
consecutive standard curves Each point m each curve was made in tnpli 
cate, givmg a total of eighteen determinations at each level The standard 
deviation of a single detemunation has been calculated at each nboflavm 
level from the deviations ivithin each mdividual set of three The coeffi 
cient of vaiiation on these pure solutions is actually smaller than for a 
similar senes of standard curves with 10 ml volumes and following the 
regular Snell and Strong procedure 

In the analysis of biological matenals the vanabihty is greater than with 
pure solutions From a senes of twenty-four comeal extracts in triplicate, 
with 1 0 to 1 5 millimicrograms per tube, the coeflicient of vanation was 
found to be 8 per cent for a smgle detemunation, which is equivalent to a 
probable error of the mean of 3 per cent for an assay in tnplicate This 
again compares favorably with the macromethod 
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BUMMARI 

A modification of the miciobiological method of Snell and Strong has 
been described for the determination of 0 5 to 2 0 milhmicrograms of nbo- 
flavm The probable error for assays made in triplicate is about 1 per cent 
for pure nboflavin solutions and about 3 per cent for the particular biologi- 
cal matenal tested (rat cornea) 

The reasons for making certain changes in adapting the original procedure 
f 0 the determination of these smaller amounts of riboflavin are discussed 
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The 3 east fermentation method of Schultz, Atkin, and Fie3" ( 1 - 3 ) has 
been \Mdel3 used for the assa3 of thiamme When the method u as tried 
m this laborator3’^ foi the assa}' of meat and eggs, three sources of erroi 
were observed 

First, the range of linear response of the 3 east to graded amounts of 
thiamme ma3’' -v ar3 with the substance assa3red and the yeast used 

Second, the actmty of ciystalline thiamme is greater m the presence 
of the other constituents of the food samples than it is in the basal medium 
alone Smee the standard in the original method is taken to be the volume 
of gas produced b3 the yeast imder the stimulus of a known amount 
of thiamme added to the basal medium, there is a tendency for the assay 
lalues to be too high 

Finally, as pomted out by Deutsch ( 4 ), the sulfite cleavage procedure 
does not completel3'' destro3 the activity of thiamme m stimulatmg the 
carbon dioxide production of 3’’east The effect of these three sources of 
error upon actual assay lalues has been studied by repeated assays of 
food samples A standard procedure has been developed which eliminates 
these potential errors m the fermentation method 

EXPERIMENTAL 

The fermentometer used m this laboratoiy is patterned after the ongmal 
fermentometer described by Schultz and Landis ( 5 ) The basal medium 
consisted of Solution A (buffer and niacm) and Solution B (dextrose and 
salts) as suggested b3" Schultz et al ( 3 ) Fleischmann’s commercial bakers’ 
3 east was obtamed weekl3’^ half pound cakes and stored m a stoppered 
flask at 5 ° Thiamme standard solution and 3 east suspension weic 
prepared as directed ( 3 ) In each of the six 250 cc leaction bottles were 
placed 5 cc of Solution A, 15 cc of Solution B, and the substance assa3 ed 
The total volume was made up to 75 cc wnth distilled water and 25 cc of 
the yeast suspension added All pH adjustments w ere made with a Beck- 
man model F pH meter 

Samples which could be obtamed as a fine powder (bread, lyophihzed 
This study as supported by a fellowship from Swift and Companj 
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meat) m ere m eighed and diluted i\ ith distilled w ater as desii ed Moist 
solid samples (fresh meat) were ground as finely as possible with a meat 
gnnder, eighed, diluted Mith distilled water, and mixed in a Waring 
blendoi Fluid samples (egg) were blended and a known weight of this 
mixture diluted to volume The sulfite cleavage for the destruction of 
thiamine in aliquots of the sample assayed was earned out as suggested 
by Schultz et al ( 2 , 3) The aliquot thus prepared is referred to as the 
blank Samples weie adjusted to pH 5 2, heated m a boiling water 
bath for 30 minutes, and readjusted to pH 6 2, as directed by Schultz el al 
(2, 3) so that they might receive the same treatment as the blank 

The fermentation method for thiamine assay depends upon the fact 
that the response of jeast to added thiamine as measured by carbon 
dioxide production is linear over a definite range Schultz et al ( 1 , 2) 
m their description of the method found the response to be linear between 
2 and 4 y and used these amounts of ciystalline thiamine as their standards * 
The thiamine was added directly to the basal medium alone The dif- 
ference in carbon dioxide production measured volumetncally m 3 hours 
w as assumed to represent the stimulating effect of 2 7 of thiamine (4 — 
2 y) At the same time a sample and a blank were prepared m a similar 
manner and the difference m gas production between them taken to 
indicate the increase m carbon dioxide production due to the thiamine in 
the sample The actual thiamine content of the sample was then cal- 
culated by a simple proportion 

Although this procedure has yielded excellent results for cereal products, 
we did not find it satisfactory for egg assays Fuither study revealed 
that the relationship betw een the thiamine in the presence of the other egg 
constituents and the volume of carbon dioxide produced m 3 hours w'as 
not lineal beyond a concentration of 2 7 of the vitamin In fact, the 
response of the yeast used m the egg assay series of 1943 was not linear 
beyond 1 7 of thiamine These facts are presented giaphically m Fig 1 

This experience wath egg samples demonstrated that the lange over which 
the response to thiamine remains linear varies wath the substance being 
assayed and with the jeast used This range was not found to be as 
restricted with other substances studied However, in no experiment 
did the lesponse remain perfectly linear when more than 3 5 7 of thiamine 
were added (Fig 2) Thus loutme use of the 2 to 47 range suggested 
by Schultz el al (1-3) would have produced sigmficant errors m our 
assay values for all substances and resulted m serious errors m the case 
of egg samples For this reason, we believe that it is necessary to make 

1 This IS equivalent to a 1 to 2 7 range on their new fermentometer in which half 
the previous quantities of all solutions (3) is used It cannot be directly compared 
to the assaj range used in the micro fermentation methods 
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a prelimmarj' run, adding giaded amounts of crystalline thiamine to the 
blank of each new type of matenal studied, m order to determine the 
assay range 

When we began to assa'i various types of food samples, a second factor 
was found w'hich could produce i anation m the values obtained Schultz 
el al (3) suggest the addition of standard thiamine to bung low blanks 
within the same range of carbon dioxide pi eduction as the simples \ftei 
we obsen'ed the i elation between tluamme and carbon dioxide produc- 
tion to be linear to zero, it became appaient that the addition of thiamine 



Fig 1 Fig 2 

Fig 1 EflFect of egg blank on response of j east to added thiamine In addition 
to the basal medium 1 gm of sulfite treated whole egg has been added to each re- 
action bottle Curves 1 to 3 represent runs made in the spring, 1944 Curves 4 
to 6 Were determined in the summer, 1943 

Fig 2 Response of yeast to graded amounts of crystalline thiamine In addi- 
tion to the basal medium 1 gm of lean beef (the results shown in Curve 1) and 0 05 
gm of sulfite treated liver concentrate (Curve 5) w ere added to the respective reac- 
tion bottle 

to sulfite blanks for this purpose should be, m theory at least, an optional 
procedure 

In a senes of trials m w'hich we ran both types of blanks and calculated 
the values for thiamine content of the samples involved, consistent and 
generally stnking differences were obtained The values obtamed w'hen 
thiamine w^as added to the blank were always lower than those found w'hen 
this addition was not made (Table I) However, when the actmty of 
thiaimne added to the blank was itself used as a standard (new' standard), 
the resultmg values agreed well wuth those obtamed by the use of the old 
standard and thiamme added to the blank to brmg it within the range of 
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the other bottles In the case of bread, this discrepanc} is small but for 
a highly concentrated yeast extract is seen to be veo large The i alues 
listed m Table I which are based on the old standard were found to be 
about 10 per cent too high for Staff bread, 20 per cent and abo\ e for whole 
egg, 30 per cent for lean beef, and nearl 5 100 Per cent for j east extract 
Use of the old standard is thus seen to introduce great errors into the 
assay of some foods although relativelj small ones in the study of others 
The true cause of this discrepancy becomes obvious from a consideration 
of Table II It is due to the fact that thiamine is more effective in stimu- 

Table I 


Effect of Choice of Standard on Assay Value and Results of Adding Thiamine to Bring 
BlanI Within Assay Range 


Substance asssy ed 

height of 
sample 

Assay value 
old 

standard* 

Assa> value 
new 

standard! 

Assay vifue 
old standard 
blank with 
added 
thiaminet 


gm 

y per gm 

ypergm 

rfrrtn 

Cooked lean beef, Sample 16 

2 00 

1 29 

1 01 

1 02 

<■ c. „ „ 22 

1 00 

0 86 

0 62 

0 62 

Staff bread, Sample 1 

0 60 

2 86 

2 60 

2 68 

Yeast extract 

0 005 

1004 

560 

374 

C( It 

0 0025 

1184 

580 

352 

Egg yolk. Sample 5 

1 0 

44 5 

28 8 

33 6 

« <■ « 5 

0 6 

36 4 

29 8 

29 2 

“ white, “ 4 

4 25 

I 0 

0 0 

0 0 

Whole egg, “ 3 

0 S 

13 5 

9 6 


II II II 2 

2 0 

10 8 

8 6 

8 3 

II II II 2 

2 0 

10 3 

8 8 

8 6 


* The old standard represents the lolume of gas produced by 2 7 of thiamine 
(4 — 27) added to the basal medium alone 

1 The new standard is the i olurae of gas produced bj 2 7 of thiamine similarli 
added to the blank 

} The old standard has been used but 2 7 of thiamine have been added to the 
blank to bring it into the range of the other values 

latmg carbon dioxide production of jeast m the presence of either the 
sample or the blank than it is when added to the basal medium alone 
This means that, unless this effect is small, ciystallme thiamine added to 
the basal medium alone cannot serve as a reliable standard The fact 
that this effect is small for bread (12 per cent), but greater for meat and 
egg (21 and 23 per cent), is again shown m Table II Furthermore, this 
effect vanes from sample to sample of the same tj^ie of food (cf 35 and 
18 per cent for egg j oik samples at different concentrations) In the case 
of 5 "east samples it seems to be greath mfluenced by the concentration of 
the sample, as values of —6, 38, and 58 cc for the response to 2 t for 
thiamme at vanous dilutions of the sample (0 001 to 0 10 gm ) illustrate 
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This effect was not further investigated More important, however, is 
the fact that the addition to the blanks of the same amount of thiamine as 
IS taken for the standard automatically compensates for the above effect 
In our earlj' meat assajs w e used a 2 7 (2 to 4 7 ) range as a standard and 
also added 2 7 of thiamine to the blanks This thiamine was added to 
the hasal medium alone, and the resulting volume of gas, taken as the 
standard for calculation of thiamine content, was too small It was too 
small because the same amount of thiamine in the sample would permit 
much larger gas production However, this small value was subtracted 


Table II 

Volume of Gas Produced under Slimulus of £ y of Thiamine for Old and New Standards 


BUnk prepared from 

Weight 
of bknk 

Gas old standard* 

Gas new 
standard* 

Differ 

encef 


gm 

cc 

ce 

per cent 

Cooked lean beef. Sample 16 

2 0 

104 

82 

21 

“ ■' “ “ 22 

1 0 

64 

49 

23 

Staff bread, Sample 1 

0 5 

60 

53 

12 

Yeaat extract 

0 005 

56 

31 

45 

if <i 

0 0025 

51 

25 

51 

li It 

0 01 

58 

37 

46 

<i (( 

0 025 

43 

37 

14 

(( H 

0 10 

— 6l 1 run (conditions 



(i if 

0 01 

381 and yeast iden- 



(( (1 

0 001 

581 tical) 



Whole egg, Sample 3 

2 0 

64 

61 

20 

“ <• “ 4 

2 0 

68 

58 

16 

“ ii it j 

0 8 

74 

65 

26 

ii 4( (( 2 

2 0 

72 

56 

24 

bgg yolk 

1 0 

68 

44 

36 

i( (( 

0 6 

67 

55 

18 

“ white 

4 25 

61 

36 

41 


* The use of the terms old and new standard is the same as in Table I 
t As in Table I the discrepancy between the old and new standard is increased 
slightly by use of a 2 to 4 -y range (c/ Fig 2) 


from the gas produced by the blank plus 2 7 to give the supposed true 
blank This volume assumed to represent the true gas production of the 
ingredient of the blank was too high The two false values will be found 
to cancel each other exactly The last column in Table I shows the 
effectiveness of this compensation For example, lean beef Sample 16 
appears to have 1 29 7 of thiamine per gm by the old standard but only 
1 01 7 per gm when calculated according to the new' standard Addmg 
thiamine to the blank corrects the former values to 1 02 7 per gm , almost 
identical to the value obtained by the use of the new and presumablj 
correct standard 
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The discrepancy between the old and new standards was also eliminated 
by the addition of 0 05 gm of sulfite-cleaved liver concentrate (Wilson 
1 20 liver concentrate paste) to each of the reaction bottles The con- 
centrate seems to supply an excess of whatever stimulating factors the 
meat and egg blanks possess to all of the bottles This effect of liver m 
reducing the differences in thiamme activity due to greater stimulation 
in gas production in the presence of the blank or sample is shown (Table 
III) For example, m a typical run with liver present, 47 cc of gas are 
produced by the old standard and 49 cc by the new as compared to 47 
and 37 cc when no liver is added 

Smce Deutsch (4) usmg the micromethod has clearly shown that the 
inactivation of thiamme by sulfite cleavage is not necessanly complete, 
it seemed desirable to mvestigate the effectiveness of cleavage under the 


Table III 

Agreement between Old and New Standards When Lxver Extract Is Added to Basal 

Medium 


Sample No 
(2 0 gm 
wiio!e egg) 

Liver* 
extract per 
bottJe 

Effect on atandard 

Effect on assay value 

Old 

standardt 

New 

standardt 

Difference 

Assay value 
by old 
standard! 

Assay value 
by new 
standardt 

Assay value 
old standard 
and thiamme 
added to 
blank 


tn 

cc 

ec 

per cent 

y per gm 

y per gm 

y per gm 

6 

0 05 

47 

49 

4 

6 6 

5 3 

5 1 

7 

0 025 

69 

67 

3 

7 4 

7 5 

7 6 


* Sulfite cleaved Wilson's 1 20 liver concentrate paste vas added to all reaction 
bottles 

t The use of the terms old and new standard is the same as in Table I 


conditions of our assay For the substances and concentrations studied, 
the sulfite cleavage process was found to be very satisfactory On the 
average, less than 5 per cent of the activity onginally found for the sample 
remained Activity greater than 8 per cent was not encountered m the 
small series of sulfite-cleaved samples studied The effectiveness of the 
cleavage procedure can be readily determmed for each type of substance 
studied and the strain of yeast used, and assay runs can be corrected for 
this faetor if desired 

DISCUSSION 

We have found that the assay range for each type of substance assayed 
should be determined in a preliminary fermentometer run Furthermore, 
the assay procedure itself must at times be modified to take into considers 
tion the greater activity of thiamme m the presence of the sample or 
blank itself Is this enhanced L-«ivity due to the failure of the basal 
medium alone to supply in excess all the other factors which stimulate 
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carbon diOKide production? Certainly something supplied by the sample 
and its blanks can potentiate the action of thiamine The effect of this 
factor or factors varies greatly ivith the nature of the sample 
One approach to this problem would be to study more completely 
the components of the medium specifically required in the assay pro- 
ceduie The experiments ivith liver concentrate cited above suggest that 
a more nearly complete basal medium would effectively elimmate this 
potential error The experiments with liver concentrate were not contin- 
ued, howevei, because we believed it safer and simpler to be sure that the 
same factors vhich operate m the sample ivill be at work m the standard 
This can be done by adding the thiamine directly to the blank, since 
the data reveal that whatever the factor or factors are which potentiate 
the action of thiamine, they are not destroyed by sulfite cleavage Accord- 
ingly ve have adopted the procedure of determimng the range of the 
Imear response to thiamine in the presence of the matenal to be assayed 
and confirming its extension to zero To secure a standard for comparison 
inth the activity of the sample, we add a suitable amount of thiamine 
duectly to the blank 

Tbs means that one complete assay run contains three bottles blank, 
blank plus a known amount of standard thiamine, and sample The 
difference m gas production between the blank and the blank plus thianune 
gives the carbon dioxide-stimulatmg effect of the known quantity of tb- 
amme Similarly the difference between the blank and sample gives the 
added gas production due to the thiamme in the sample The actual 
amount of thia min e is calculated by simple proportion Figs 1 and 2 
show standardization curves for this procedure 
The above application of the method would seem to give the best 
measure of the true thiamme activity of the sample It gives consistent 
results even when the difference between the two types of standards is 
varying from sample to sample This is shown best m the egg assays 
(Table I) m wbch values of 28 8 and 29 8 7 per gm are obtained for egg 
yolk by this method, when the onginal method gave 44 5 and 36 4 m simul- 
taneous runs This method also provides that if inhibitors are present 
(as is suggested by some of the yeast standards m Table II) they will act 
equally upon both the tbamine of the sample and that of the standard 
Deutsch (4) has discussed the biochemistry of the yeast fermentation 
method and studied the effectiveness of the sulfite cleavage process 
Although his data and those of Schultz et al ( 3 ) show that the sulfite cleav- 
age products of thia mm e may have considerable fermentation-stimulatmg 
activity under some conditions, we have not found these to be trouble- 
some under the conditions of the macro fermentation assay for the sub- 
stances studied here The per cent mactivation by sulfite depends m 
part on the batch of yeast ( 4 ), the substance treated and its concentrates 
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(3), and probably the total sugar content of the reaction mixture (6) We 
behe\e, therefore, that the effectiveness of the cleavage process should 
be determined for each type of food substance under the local assay 
conditions A correction can then be made when it would be of sigmficance 

Among other factors which nere mvestigated as sources of error for the 
method and found to be of no sigmficance are variations in the absolute 
amount of gas produced by similar samples and standards in different runs 
(due to age and condition of the yeast), vanations in pressure due to 
infrequent levehng of the flmd columns in the eudiometers, bnef inter- 
ruptions in shakmg, and vanations of as much as 3° 

SUMMARY 

When the fermentation method for the assay of thiamine ivas used 
for the assay of meat and egg products, three sources of error were found 
to be sigmficant The range of linear response to added thiamme vanes 
with the sample assayed and the yeast used Thiaimne added to the basal 
medium alone shows less activity than it would m the presence of the 
constituents of the sample or blank The sulfite cleavage procedure 
does not necessarily destroy all of the activity m the blank These po- 
tential errors can be eliminated by the folloiving modifications or pre 
cautions 

1 A preliminary run is made for each type of substance assayed in which 
graded amounts of crystallme thiamme are added to the blank This 
determines the range over which the response to thiamme is Imear 

2 A standard three bottle assay procedure (run m duphcate if desired) 
in which one bottle contains the sample, one the blank alone, and the 
third the blanks plus a suitable amount of crystallme thiamme as deter 
named above is earned out 

3 The amount of gas produced by the known amount of thiamme 
m the presence of the blank is used for the calculation of the thiamme con- 
tent of the sample 

4 The effectiveness of the sulfite cleavage of a knoivn amount of thiamme 
added to the blank is determmed for each type of substance assayed A 
correction for the activity of the cleavage products is made if necessary 
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o!-Ketoglutaric acid is an important intermediate in the metabolism of 
carboh5'drate, protein, and fat in cells It is formed from carbohydrate via 
pyruvic and isocitnc acids, from glutamic acid by oxidative deamination or 
transamination, and from fatty acids \na the enzymatic condensation of 
oxalacetate with ^-keto acids to citric acid (1) a-Ketoglutaric acid is 
readily oxidized to CO« + H2O by most ammal cells but it undergoes oxida- 
tive decarboxylation to succimc acid CO* (Reaction 1) when the tissue 
succmic dehydrogenase is blocked bj”^ malonate (c/ (2)) 

(1) COOH CH, CH, CO COOH + 0 SOj = COOH CH, CH COOH + CO 

The present work was undertaken in order to obtain information on the 
mechanism of oxidation of a-keto acids in ammal tissues and as a prelimi- 
nary step in the investigation of the mechanism of pyruvate oxidation In 
ammal cells this reaction mvolves condensation with dicarboxylic acids and 
is undoubtedly more complicated than the oxidative decarboxylation of 
pyruvate catalyzed by some bactenal enzymes (3-5) or that undergone by 
a ketoglutarate m tissue preparations 
The enzyme catalyzing Reaction 1, which mil be lefeiied to as a-keto- 
glutanc dehydrogenase (6), is present together mth a number of other 
respiratory enzymes m the particles which one obtains in suspensions pre- 
pared from tissues by thorough gnndmg mth sand and saline or phosphate 
solutions and centrifuging the mixtures at low speeds There is evidence 
that the a-ketoglutafic dehydrogenase is a diphosphothianune enzyme (7) 
It will be shown in this paper that the activity of the enzyme is coupled 
'With phosphorylation of phosphate acceptors, that it is dependent on the 
presence of inorganic phosphate, magnesium 10ns, and ademne nucleotide,* 
and that cytochrome c is a physiological hydrogen (electron) earner be- 
tween a-ketoglutarate and molecular oxygen 
Oxidative Decarboxylation of a-Keloglularate and Its Coupling with 
Phosphorylation — ^Preparations of a very active a-ketoglutaric dehydrogen- 

Supported by a grant from the Williams-Waterman Fund of the Research Cor- 
poration 

The term ademne nucleotide is used in this paper to indicate both adenosine-5 
monophosphate (muscle adenylic acid) and adenosine 5 triphosphate 
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ase can be obtained from cat heart and have been used throughout this 
■work In the presence of high concentrations of malonate (0 025 to 0 05 
•u) these preparations catalj ze the aerobic oxidation of a-ketoglutanc acid 
accordmg to Reaction 1 , as much as 5 to 6 mg of the acid can be utilized m 
40 nunutes at 36 5° ■with 1 5 cc of the enzj-me suspension "When heart 
enzj'me is used ■with an excess of a-ketoglutarate, the rate of o'^gen uptake 
remains constant for at least 20 nunutes, after this tune there is a gradual 
drop which is probabh caused bj enzjTne mactivation With pigeon 
brain preparations the rate of o'?! gen uptake shows a gradual drop from the 

T\ble I 

Oxtdalirc Dccarboxylatton of tx-Kclogluiartc Acid and Glucose Phosphorylaium 

The manometer bottles contained 1 5 cc of enzj'me, 0 004 u MgCl , 0 025 to 0 03 u 
potassium phosphate buffer of pH 7 5, 0 0004 m adenosine triphosphate, and 0 05 si 
sodium malonate Samples with pjTUvate as substrate had 0 002 ii fumarate but 
no malonate The final volume was made up to 2 cc ■with water Temperature 
36 5° Gas phase 100 per cent o^cj gen All values are corrected for enzyme blanks 
and are expressed in micromoles 


Expcn 

xsest 

ho 

Source of cazyme 

Addibous 

Inca 

batiOQ 

tune 

Oiy 

gtn 

uptaJkc 

COi 

CTOlu 

lion 


a-KetO- 

gluCA 

rate 

Qblized 

Saca 

nate 

formed 

Phos 

p2tate 

esten 

£ed 

TO 

ratio 

a 

■So 

-s 

0 

O 

<3 

> 

a 

& 

Glucose 

*3 

2; 







^in 








1 

Cat heart 

34 




45 

21 0 

33 7 


31 7 

25 7 



2 

tt ft 

32 




25 

14 I 

25 6 

1 74 

26 3 

22 3 



3 

ft (( 

35 


55 

40 

35 

9 0 

mm] 

1 S9 

18 2 

15 S 

32 2 

1 7 




54 

55 

40 

19 

14 0 





44 5 

m 

4 

C( tt 

32 


55 

40 

45 

10 0 

■IrMil 

■Kll 

17 1 

16 1 

32 6 

IS 




54 

55 


25 

16 0 





45 S 

m 

5* 

Pigeon braint 

30 




35 


14 3 

1 74 

15 7 

11 5 


m 


* 0 003 II adenosine triphosphate, 0 025 ii sodium malonate 
t Homogenate Dialyzed against 0 4 per cent KCl for 2 5 hours 


beg innin g The gen consumption m the absence of a-ketoglutarate is 
neghgible after the mmced tissue has been thoroughly washed ■with saline 
before extraction and it is ml if the ens^une suspensions from ■washed tissue 
have been dialj zed agamst salme or phosphate buffer 

In the presence of glucose the sugar is phosphorylated to hexose diphos- 
phate ■with an uptake of 2 molecules of morgamc phosphate for ei ery mole- 
cule of a-ketoglutarate oxidized to succmic acid + COi (Table I) H 
exception is made of Experiment 1, m which o^wmg to the large amount of 
a-keto^utarate utihzed malonate inhibition of the succmic dehydrogenase 
may have been rather mcomplete, the experiments ■with cat heart enzyme 
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(Table I) give the following average molar ratios for every molecule of COj 
produced CO 2 evolved 1 00 oxygen uptake 0 56-a-ketoglutarate utibzed 
1 03-succmate formed 0 92-phosphate estenfied 1 90, average R q 18 

Since, as previously shmra (8), dephosphorylation reactions which are 
not fully inhibited by fluonde interfere with phosphorylation and smce, as 
shown in Table I, the P 0 ratio, t e the ratio of atoms of phosphorus esten- 
fied to atoms of oxygen consumed, is the same for a-ketoglutarate and pyru- 
vate (c/ (6, 8)), there is good reason for believing that the over-all reaction 
for the oxidative decarboxylation of a-ketoglutarate m the presence of glu- 
cose as catalyzed by the enzyme preparations used m this work can be 
expressed by Reaction 2 

(2) COOH CH. CH CO COOH -f- SH.POi + 1 5 glucose + 0 50i = 

coon CHj CHt COOH -t- COi -{-15 hevoso diphosphate 

Oxtdahve Decarhoxylahon Versus Decarboxylation Plus Oxidation — The 
work of Green ei al (9), who obtained from ammal tissues enzyme prepara- 
tions that m the presence of diphosphothiamine and magnesium catalyzed 
the decarboxylation of a-keto acids, reopened the question as to whether the 
oxidative decarboxylation of a-keto acids is caused by one enzyme or by the 
combined catalytic actions of a carboxylase and an aldehyde oxidase In 
the case of a-ketoglutanc acid which was anaerobically decarboxjdated to 
succmic semialdehyde (9), its oxidative decarboxylation (Reaction 1) 
might be the combined result of Reactions 3 and 4 It would seem, how- 
ls) COOH CH, CH, CO COOH COOH CH, CH, CHO CO, 

(4) COOH CH. CH. CHO -1- 0 50. COOH CH, CH, COOH 

ever, that the a-ketoglutano dehydrogenase is a distmct enzyme, smce the 
preparations used in this work failed to catalyze either the anaerobic 
decarboxylation of a-ketoglutanc acid or the aerobic oxidation of (syntheti- 
cally prepared) succmic senualdehyde at a rate comparable to that at which 
they catalyzed the oxidative decarboxylation of the former (Table II) 
Succmic seimaldehyde did not affect the rate of oxidative utilization 0 ! 
of-ketoglutarate (Table II, Experiment 5) At present it is impossible to 
decide whether the onenstep oxidative decarboxylation is brought about by 
the action of an enzyme complex contammg two specific proteins or whether 
it IS catalyzed by a smgle protem carrying two prosthetic groups of which 
one would be concerned with decarboxjdation and the other with dehy- 
drogenation 

Expenments 1 and 2 (Table II) also indicate that an anaerobic disaufa- 
tion of a-ketoglutarate (10) is hardly if at all catalyzed by our entj-jjjg 
preparations 
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It might be pomted out that typical succmoxidase preparationb did not 
act upon succimc semialdehyde, and competition experiments shon ed a lack 
of afihuty between the succimc dehj'drogenase and succinic senualdehyde, 
excluding the possibility of an oxidation of the latter to fumanc semialde 
hyde by succmoxidase The small oxidation of the aldehyde which is 
found to occur m the heart preparations probably leads to the formation of 
some succmic acid, since succimc semialdehyde produced a catalytic stimu- 

Table II 

Coynparativc VtiUzalion Rates of a Keloglulanc Actd and Succinic Semialdehyde 
under Anaerobic and Aerobic Conditions 

The manometer bottles contained 1 5 cc of enzj me and 0 004 M kIgCl , plus 0 03 M 
potassium phosphate buffer of pH 7 5, 0 0004 M adenosine triphosphate, and 0 05 M 
sodium malonate (Experiments 1, 2, and 5), or 0 05 M phosphate buffer, 0 002 si 
adenosine triphosphate, and 0 025 m sodium malonate (E'cpenments 3 and 4) The 
final volume was made up to 2 cc n ith water Temperature 36 5° Incubation time 
40 minutes All \nlues are corrected for enzjme blanks and are expressed in 
micromoles 
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a Ketoglutario acid (56) 

Nitrogen 


2 2 

1 

7 2 



“ 156) 

Oxygen 

23 8 


39 3 


2 

“ " (38) 

Nitrogen 


2 0 

3 4 



“ “ (38) 

Oxygen 

22 2 


37 1 


3* 

“ “ (64) 


9 0 


20 2 



Succimc semialdehyde (96) 

4t 

0 2 



1 0 

4t 

a Ketoglutaric acid (64) 


23 8 


41 0 



Succimc semialdehyde (96) 

(( 

1 0 



so 

5 

a-Ketoglutanc acid (39) 


20 7 


39 0 



Succimc semialdehyde (100) 

<( 

2 1 





a-Ketoglutaric acid (39) + succinic 

<4 

23 2 


39 0 



semialdehyde (100) 



1 




* Enzyme dialyzed 4 5 hours 
t Enzyme dialyzed 2 hours 


lation of the enzj'matic oxidation of pyruvate similar to that caused by small 
amounts of succinate or fumarate 

Some Components of a-Keloglutanc Dehydrogenase — As shotni in Fig h 
the enzjTue depends for activity upon the presence of inorgamc phosphate, 
ademne nucleotide, and magnesium ions, three of the substances vhich as 
prenously shown (11) are also required for pyruvate oxidation Arsenate 
cannot be substituted for phosphate, a findmg which is of mterest in view of 
the fact that arsenate and phosphate are equally effective with bactenal 
(4, 5) and bram (12) pyruvic dehydrogenase Ademne nucleotide and 
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inorganic phosphate could be satisfactonly removed by dialjsis against 
dilute potassium chlonde solutions for 5 hours, whereas magnesium was 
removed to an adequate extent only by dialysis against pyrophosphate 
buffer of pH 8 5 for 2 5 hours followed by dialysis against salt solution for a 
smular period in order to get rid of the pyrophosphate “ The effect of in- 
creasmg concentrations of inorganic phosphate is shown in Fig 2 , maximum 



Fio 1 Fig 2 

Flo 1 Components of the a ketoglutanc dehydrogenase (av erage results of t\\ o 
to seven individual experiments) The oxjgen uptake of the samples in which one 
addition was omitted is expressed as a percentage of that of the complete sjstem 
at a given time The complete system (Curve 1) contained 1 5 cc of dialyzed en 
lyme, MgClj (0 004 ii), phosphate buffer of pH 7 5 (> 0 01 m), adenylic acid or adeno 
sine triphosphate (0 003 m), malonate (0 025 to 0 05 m), and « ketoglutarate (0 015 
to 0 03 h) Curve 2, no magnesium (enzyme dialyzed successively against p 3 ro 
phosphate and orthophosphate), Curve 3, arsenate instead of phosphate, Curves 4 
and 5, either no phosphate or no adenylic acid. Curve 6, no a-ketoglutarate Final 
volume 2 cc , oxygen , 36 5° 

Fiq 2 Rate of oxygen uptake as a function of the concentration of inorganic 
phosphate The broken line represents extrapolation to zero phosphate concentra- 
tion^ The manometer bottles contained 1 5 cc of dialyzed enzyme, 0 004 u MgCl , 
0 005 u gljcine buffer of pH 7 5, 0 003 m adenylic acid, 0 025 m malonate, and 0 03 
Vor ketoglutarate Final volume 2 cc , oxjgen, 36 5° 

reaction rates were obtamed with 0 01 ii phosphate Extrapolation lo 
zero phosphate concentration suggests that the system would be totalh 
uiactue m the complete absence of phosphate When both glucose and 
ftuonde are added to a complete system contammg an excess of a-ketogln- 

concentration of pyrophosphate left in the enzyme suspension was about 
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tarate, there is often a sudden and very pronounced drop in the rate of 
oxj gen uptake after 15 to 20 minutes, comcidmg with the almost complete 
disappearance of morgamc phosphate from the reaction nuxture 
Table III shows the effect of mcreasmg concentrations of adenme nucleo- 
tide While adenosme tnphosphate seems to be more effective than muscle 
adenyhc acid, it is apparent that rather high concentrations of nucleotide 
are required to produce maximum actmty How ever, it is possible that 
the nucleotides are partiaUj destrojed by phosphatase and deammase 
which maj" he present m the en 2 yme suspensions and adenj^hc acid would 

Table III 

Effect of Adenine Nucleotide 

The manometer bottles contained 1 5 cc of dialyzed enzyme, 0 004 si MgCIt, 0 03 
M potassium phosphate buffer of pH 7 5, 0 025 si sodium malonate, and 0 03 si sodium 
or-ketoglutarate The final s olume was made up to 2 cc with water Temperature 
36 5° Gas space 100 per cent o\j gen Incubation time 40 minutes 


Experiment 

No 

j Additions 

Ox>*gtn 1 

uptake 

o-Ketoglutanc 
acid utilized 

1 Compound 

Amount 



rtiCTomelcs 

fniCTomalw 

mtaomoUs 

1 



1 4 

4 4 


Muscle adenj he acid 

1 2 

3 0 

6 1 


(( (( << 

3 0 

5 0 

8 5 


a << 

6 0 

17 4 

32 0 

2 



1 3 

10 0 


Adenosme tnphosphate 

0 4 

4 3 

12 6 


it (t 

1 2 

19 6 

38 4 

1 

it (< 

2 0 

18 0 

39 6 

3 



1 4 

4 0 


Adenosine tnphosphate 

6 0 

11 3 

24 4 


Yeast adenyhc acid 

6 0 

1 5 



Adenosine 

7 6 

1 7 

1 

3 8 


be more susceptible than adenosme polyphosphate to the action of such 
enzymes, so that nothing defimte can be said m regard to the optimum con- 
centrations or the relative activities of mono- and polyphosphorjdated 
adenme nucleotides until the a-ketoglutanc enz 3 rme can be obtamed m a 
purer condition On the other hand, it is clear from the data of Table III 
that the action of the nucleotide is a cataljiiic one Table III also shows 
that yeast adenj he acid and adenosme are mactive 

The optimum concentration of magnesium is about 0 002 m or 50 y per 
cc , manganese can replace magnesium but is less active (Table HO 
Diphosphothiamine — ^Attempts to spht off diphosphothiamme m a revere- 
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ible manner have so fai met with little success After the enzyme suspen- 
sions are brought at 0° to pH 4 5 for 10 to 15 minutes -with acetate buffer 
and the resulting precipitate is resuspended in phosphate buffer, a method 
successfully used b}’- Green ei al (9) inth then carboxylases, diphospho- 
thiamine produced a small increase (25 to 45 pei cent) of the rate of oxida- 
tion of a-ketoglutarate, v hile dialysis for 2 to 3 houis against pyrophosphate 
buffer at pH 9 5 and 0° did not cause any dissociation, both procedures led 
to marked inactivation of the enzyme 
Carriers — ^There is now much doubt regaidmg the participation of 4-car- 
bon dicarboxyhc acids as hj'drogen earners m biological oxidations (13), as 
ongmally postulated by Szent-Gyorgju Their effects can be explained by 

Table IV 

Effect of Magnesium and Manganese 

The manometer bottles contained 1 6 cc of enzjme dialyzed successively against 
0 02 M pyrophosphate buffer of pH 8 6 and 0 05 m orthophosphate buffer of pH 7 5 each 
time for 2 6 hours, 0 003 m adenosine triphosphate, 0 025 m sodium malonate, and 
0 02 u sodium a ketoglutarate The final volume was made up to 2 cc with water 
Temperature 36 5° Gas phase 100 per cent oxygen Incubation time 40 minutes 


Additions 

Oxygen uptake 

a Ketoglutanc aad 
utilized 

MgCU 

MnCl) 

tntcrfirMles 


emm 

mg 



98 

1 63 

2 


307 


4 


395 

5 00 

8 


350 



0 9 

188 



3 6 

253 

3 63 


the fact that they aie mvolved m condensations which aie essential for the 
oxidation of pyruvic acid It is cleai from the data of Table V that 4-carbon 
dicarboxyhc acids ivere not mvolved m the transport of hydrogen from 
« ketoglutarate to oxygen, since the rate of oxidation of a-ketoglutaratc 
Was mdependent of the absence oi presence of fumarate Cozymase was 
added in all expenments of Table V m order to msuie the functioning of the 
malate ^ oxalacetate (malic dehydrogenase) system , this w as indicated bj 
the fact that fumarate was readily oxidized by the enzyme suspensions It 
might be argued that the succinate formed from a-ketoglutarate would 
overcome to some extent the malonate block of the succimc dehydrogenase 
so that eventually fumarate would become available to the system, but if 
fumarate were indispensable one would expect its addition to have a con- 
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siderable effect on the initial rate of a-hetoglutarate oxidation , that this i\ as 
not the chse is indicated (c/ Table V) by the values of the oxygen uptake 
during the first 10 minutes of incubation An expenment ivith pyruvate 
(Expenment 2b, Table V) is given as a control of the extent to which 4-car- 
bon dicarboxj he acids were absent from the enzyme preparations 
In contrast to the coenzyme dehydrogenases, the succimc dehydrogenase, 
and the pjTUvac dehydrogenase of Escherichia colt (5) and biam (12), the 

Table V 

C, Dicarhoxyhc Acids 

The manometer bottles contained 1 5 cc of dialyzed enzyme, 0 004 m MgClj, 0 03 
M potassium phosphate buffer of pH 7 5, 0 003 M adenosine tnphosphate, and 0 0007 ji 
cozymase The final volume v as made up to 2 cc vnth n nter Temperature 36 6° 
Gas space 100 per cent oxj gen 
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1 34 


2b 
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10 
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40 
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0 31 



2 2 



10 
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40 
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2 2 


14 

10 

170 








40 

602 


1 44 


heart a-ketoglutanc dehy di ogenase does not react or reacts only very 
blovlv with artificial earners such as methjdene blue, py ocyanme, gallocya- 
nme, thionine, and ferncvanide The aerobic oxidation of a-ketoglutarate 
IS inhibited bycy anide, suggesting a participation of thecyiochromesj'stem 
Ferncy tochrome c is rapidly reduced by a-ketoglutarate m the presence 
of the enzyme, the rate of reduction is identical with the rate of oxygen 
uptake, indicating that cvtochrome c is a physiological carrier in the 
system Thii'^ in an expenment with 10 X 10“® mole of ferncydochrome 
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c, 3 X 10“® mole was reduced in 1 minute’ at 24°, corresponding to an 
uptake of 0 17 c mm of O 2 , in a parallel e\peiiment at 24° ivith the same 
enzj'me the rate of oxj'gen uptake was 6 c mm of O 2 per minute, uhich 
multiphed by the ratio of enzyme dilutions in the manometnc and optical 
test respectively gives 6 X 1 34/60 = 0 13 c mm of O 2 
Fig 3 shows that, under the conditions of the optical test, the 1 eduction of 
cytochrome c is practically a linear function of time for the first 3 minutes, 
and that there is no reaction in the absence of either a-ketoglutarate or 
ademne nucleotide when dialyzed enzj'me is used Deficiency of inorgamc 



Minulcs cc Enzyme 

Fia 3 Fig 4 

Fig 3 Rate of reduction of cytochrome c The complete svstem contained 0 1 
cc of enzyme, 0 0013 vi MgClj, 0 025 m phosphate buffer (pH 7 3), 0 0001 m adenosine 
triphosphate, 0 05 M malonate, 12 X 10“* mole of cytochrome c, 0 001 M KCN, and 
0 003 M a ketoglutarate The final volume was made up to 6 cc w ith water Air , 
24° Continuous lines, dialyzed enzyme, broken lines, undialyzed enzyme O com- 
plete, • no adenosine triphosphate, A no a-ketoglutarate 

Fig 4 Rate of reduction of cytochrome c as a function of the enzj me concentre 
lion The conditions w ere the same as in the complete system of Fig 3 with various 
amounts of undialyzed enzyme 

phosphate or magnesium also gave suboptimal leaction rates With un- 
dialvzed enzjTne, probably because of its high dilution in thrs test, it w as 


’ The concentration of ferricytochrome c (C«) was calculated by the equation 
1/d log lo/I — gi-ni X Ctotei 


where Ciota = total cytochrome c concentration, ofoi = absorption coefficient of 
ferricytochrome c at 550 mp = 0 0956 X 10* (cm * X moles”’), anj = absorption 
coefficient of ferrocytochrome c at 550 mp = 0 281 X 10* (cm * X moles”’), and d = 
length of light path in absorption cells = 1 306 cm 
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necessary to add adenine nucleotide in order to obtain optimal reaction 
rates (Fig 3) Fig 4 shoivs that the rate of reduction of c}dochrome c was 
proportional to the concentration of enzyme 
Properties of Enzyme — ^The substrate afiBnity of a-ketoglutanc dehydro 
genase is high, under the conditions of the manometnc test the maximum 
rate of oxygen uptake was reached ivith about 0 007 m a-ketoglutarate, the 
half speed concentration was about 0 0025 m (Fig 5) 

The pH-actmty curve is shown m Fig 6 The optimum pH is about 
7 0, the enzyme activity falls off rathei sharply to either side of the maxi- 
mum The reaction mixtures were buffered with 0 025 m phosphate and 




Fia 5 Fiq 6 

iiG 5 Rate of oxygen uptake as a function of the concentration of a ketoglu 
larate The manometer bottles contained 1 6 cc of enzyme, 0 004 si MgCli, 0 03 
M phosphate buffer of pH 7 6, 0 0004 st adenosine triphosphate, and 0 05 m malonate 
Final volume 2 cc , oxygen, 36 6° 

Fig 6 Rate of reduction of cytochrome c as a function of pH The conditions 
were the same as in the complete system of Fig 3 with undialyzed enzyme 

the pH values were determmed with the glass electrode after the spectropho. 
tometnc determmations had been made 

The a-ketoglutanc dehydrogenase is relatively stable m the enzyme sus- 
pensions that have been used m this work When kept at 0° the activity 
decreases about 20 per cent m 24 hours and 50 to 60 per cent m 4 days 
The enzyme withstands freezing relatively well (30 per cent loss of activity) 
but was completely destroyed by drying the suspensions m the frozen state 
After centrifugation at 15,000 r p m for 10 mmutes at 10° about 90 per cent 
of the ongmal activity was present m the sedimented particles and the re- 
mainmg 10 per cent m the opalescent supernatant 

Preparations with a-ketoglutanc dehydrogenase activity were obtained 
from the heart of the cat, pig, and sheep, the relative activities were about 
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100, 50, and 35 respectively Similar preparations from pigeon breast 
muscle were almost inactive Pigeon bram homogenates (11) were fairly 
active (c/ Table I) 


DISCUSSION 

It IS temptmg to assume that there may exist a functional relationship 
between the dependence of the action of the animal a-ketoglutanc dehydro- 
genase upon the presence of ademne nucleotide and the large amount of 
phosphorylation caused by its activity Succmyl phosphate, which may be 
a primary reaction product, is very rapidly dephosphorylated by the enzyme 
suspensions used m this work and by s imil ar tissue preparations^ m the 
absence of added ademne nucleotide, and it is difficult to visuahze the 
function of the nucleotide unless it is assumed that it forms a dissociable 
compound with the dehydrogenase and that the transfer of phosphate 
between the phosphorylated pnmaiy dehydrogenation product and ademne 
nucleotide takes place on the surface of the dehydrogenase itself instead of 
bemg mediated by a second enzyme It is conceivable that a large mcrease 
m the functional efficiency of this type of enzymes may have been achieved 
by mcorporation of several prosthetic groups in the same protem or by 
formation of a highly specialized enzyme complex 

The present work gives no information as to the existence or otherwise 
of mtermediate earners between «-ketoglutarate and cytochrome c but it is 
likely that a flavme nucleotide (cf (4, 14)) may be mvolved eithei as a 
prosthetic group of the dehydrogenase or as a separate flavoprotem 

EXPERIMENTAL 

Preparation of Enzyme Suspension — The heart was dulled m ice and after 
removal of fat and connective tissue was finely nunced and washed three 
times for 5 to 10 mmutes at 0° with 15 to 20 volumes of 0 9 per cent potas- 
sium chlonde with brisk mechamcal stunng, the tissue bemg separated each 
time by centrifugation The last washmg was almost colorless The 
washed mince was ground at 0° with sand and 2 volumes of either 0 9 per 
cent potassium chlonde or 0 065 m potassium phosphate buffer of pH 7 5 
and the resultmg paste was centrifuged at low speed for 2 to 3 mmutes 
The supernatant was kept at 0° until used There was a fauly wide range 
of vanation m the activity of mdividual preparations 

Dialysis — ^When desued the enzyme suspensions were dialyzed for 5 hours 
m thm collodion tubes (about 1 3 cm m diameter) against 3 5 liters of either 
0 4 per cent potassium chlonde or 0 05 m potassium phosphate buffer of pH 

* Lipmann, P , personal commumcation, Ochoa, S , unpublished The same is 
true of acetyl phosphate I am very indebted to Dr Lipmann for samples of suc- 
omyl phosphate and acetyl phosphate 
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7 5 at 0 5-2° unless otheruTse stated Contmuous mechanical rocking of 
the dialysis tubes and outside stirring insured rapid diffusion There al- 
ii ais occurred some irreiersible mactivation of the en 25 Tne uhen the 
dialj SIS time exceeded 2 hours and it mcreased inth increasing duration of 
diali'SLS 

Manomeinc Test — The main space of the Warburg bottles contained 1 5 
cc of enzjTue plus lanous additions as mdicated and the final i olume nas 
made up to 2 0 cc uath water, the center well contamed alkah 0 1 cc of 
a freshl}'- prepared neutralized solution of a-ketoglutanc acid ii as placed in 
the side bulb and uas mixed uath the enzyme just before the bottles uere 
placed m the thermostat 5 minutes uere allowed for temperature equili- 
bration For extrapolation of the oxj gen consumption back to zero time 
it u as assumed that the oxj'gen uptake dunng temperature equilibration 
uas 70 per cent of that occurring dunng the first 5 minutes of measuring 
the gas exchange Respiraton quotients u ere determined as m preiaous 
work (8) Anaerobic COj evolution uas determined as the sum of CO* 
ei oh ed dunng incubation plus that liberated at the end by acidification of 
the reaction mixtures 

Optical Test — 0 1 cc of enzjme urth additions as indicated in Fig 3 uas 
made up uith water to 6 cc Additions uere made m the following order 
magnesium chlonde, ademne nucleotide, malonate, water, phosphate buffer, 
Cl tochrome c (10 to 12 X" 10“* mole), enz 3 me, cj amde, and a-ketoglutarate 
2 minutes uere allowed for temperature equilibration after addition of the 
ice-cold enzj me, 0 06 cc of neutralized 0 1 m potassium cj anide uas next 
added and the extinction of light of the uai e-length 550 m/i uas measured 
(zero time) 0 05 cc of a-ketoglutarate uas then added and the ex-tmction 
1 alues uere measured at 1 minute mtervals thereafter The test uas ear- 
ned out in air at room temperature (24-25°) Cyamde was added in order 
to present reoxidation of ferrocj toclirome c bj the cjdochrome oxidase, as 
used in the test it does not interfere uath the reduction of cj toclirome c 
(c/ (15)) The light extinction uas measured uath a Coleman t\pe 10-S 
photoelectnc spectrophotometer uath an exit slit of 5 mju The uadth of 
the absorption cells u as d = 1 306 cm 

Analytical Methods — a-Ketoglutanc and pyruvic acids uere determined 
accoiding to Fnedemann and Haugen (16) in tnchloroacetic acid filtrates 
Succimc semialdehyde uas determined in a similar manner as the 2,4- 
dinitrophenj Ihj drazone The fact that the color gii en by the latter on 
addition of alkah fades a erj" rapidlj , whereas that gia^en bj the 2,4 dinitro 
phena Ihydrazone of a-ketoglutanc acid is aerj stable uas utilized in deter- 
minmg a-ketoglutanc acid in the presence of succinic semialdehjde 
Phosphate uas detemuned as in preaaous work (8) Succinic acid a\as 
determined manometncalla aaath sucemoxadase accoiding to larebs and 
Eggleston (17) The method gia es the sum of sucemate plus a-ketogluta- 
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rate present and the amount of pieformed succinate uas obtained by sub- 
tracting the succinate equivalent of the a-ketoglutarate found by the 
hydrazone method All estimations were carried out m duphcate and 
agreed to uathin 5 per cent 

Chemical Preparations — a-Ketoglutanc acid was prepared according to 
Neuberg and Ringei (18) and recrj'stalhzed from ethyl acetate mth petro- 
leum ether as desenbed by Wishcenus and Waldmuller (19) , it melted at 
116-117'’ Succimc semialdehvde uas prepared by the method of Carnere 
(20), the 2,4-dinitrophenylhydrazone (recrystallized fiom 95 per cent 
alcohol) melted at 204'’ Freshly distilled succimc semialdehjde uas di- 
luted wth ivater and neutralized with the calculated amount of sodium 
hydroxide Cytochrome c \\ as prepared from beef heart bv the method of 
Keihn and Hartree (21) and its concentration w as determined spectropho- 
tometncallj with t,he absorption coefficients gixen by Theoiell (22) 
Adenosine tnphosphate and muscle adenylic acid weie prepared as pre- 
viously desenbed (8) 


SUMMARY 

Cell-free suspensions of w ashed heart muscle contam a verj' active a-keto- 
glutanc dehydrogenase When the succimc dehydrogenase is inhibited by 
raalonate, and m presence of glucose, the preparations catalyze the oxidative 
decarboxj lation of a-ketoglutanc acid to succinic acid and carbon dioxide, 
while 3 molecules of phosphate are simultaneously esterified to the sugar 
formmg hexose diphosphate The oxidative decarboxylation of a-ketoglu- 
tarate is not caused bv the action of a carboxylase follow ed b% that of an 
aldehyde oxidase but by a smgle enzyme or en^une complex Inorganic 
phosphate, magnesium ions, and either muscle adenylic acid oi adenosme 
tnphosphate are required foi activity of the a-ketoglutanc dehydrogenase 
Arsenate cannot be substituted for phosphate Cytochrome c is a physio- 
logical electron earner between a-ketoglutarate and molecular oxygen The 
system of 4-carbon dicarboxyhc acids is not involved in the hydrogen 
transfei 

I am very mdebted to Dr Norman Jolhffe for his mterest in this work, 
to Dr Z Dische for a sample of adenosine, to Dr H Tauber for a sample of 
yeast adenylic acid, and to Dr K G Stern foi several oxidation-reduction 
dyes and for the high speed centrifugation of the enzyme suspension Mv 
thanks are also due to the director and the staff of the Department of 
Chemistry of New York University College of Medicme for placing their 
spectrophotometer at my disposal and extending to me the hospltallt^ of 
their laboratory for the specti ophotometnc measurements Part of this 
work was earned out mth the techmeal assistance of Mrs Theodora 
Goldstem 
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A DIFFERENCE IN THE METABOLISM OF I- AND dJ-TRYPTO- 
PHANE IN THE HUMAN* 

Br ANTHONY A ALBANESEf and JANE E PRANKSTON 

(From the Hamel Lane Home of the Johns Hophtns Hospital, and the Department of 
Pediatrics, The Johns Hopkins University, Baltimore) 

(Received for publication, May 7, 1944) 

While studjang the rates of tiyptophane excretion m humans subsequent 
to the ingestion of 2 gm of I- or df-tryptophane (Merck), we observed a 
deep purple coloration on the addition of the Hopkins-Cole precipitating 
reagent (requisite for the tryptophane determination) to the urme speci- 
mens collected from the first subject to nhom df-tryptophane had been fed 
Although we had already performed numerous tryptophane determmations 
on unne of normal subjects ivho had mgested l-tryptophane and of subjects 
on tryptophane-deficient diets, this phenomenon had not been previously 
observed To test the possibdity of this bemg an mdividual or transient 
characteristic, the expenment was repeated and the findmg confirmed m the 
same individual after a lapse of several days, as well as in another subject 
It appeared, therefore, that this pigment formation is a characteristic effect 
due to the ingestion of the d component of dl-trvptophane bv the human 
idult 

Apphcation of a number of qualitative coloi reactions to these abnormal 
unne specimens indicated that the aberrant substance might be an indole 
denvative A heavy reddish purple precipitate is formed on the addition of 
01 a iodine solution to the urme of subjects who have received df-trypto- 
phane, but no precipitation takes place after the ingestion of 1-trvptophane 
The properties of the product are similar to those of indigo red Howevei , 
although a number of properties of the d-tryptophane metabolite which 
gives nse to mdigo red in the presence of iodine have been observed, its 
isolation has not been achieved noi its identity established by leason of its 
close similarity to other indole compounds m the unne Indeed, its onlj 
true differentiating characteristic hes in the formation of indigo red m the 
presence of iodine in neutral or slightlv acid solution 

EXPERIMENTAL 

Human Expenment — ^Folloiving our first obsei vations an effort iias made 
to determine quantitatively the amount of aberrant metabolite bv means 

* Aided by grants from the Rockefeller Foundation and the Nutrition Foundation, 
Inc 

t A preliminary report was presented at the meet inCof the Johns HopkinfcResearch 
Society on February 11, 1944 
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of the iodine reaction For this purpose four normal adults were fed 1 gm 
of Z-tiy ptophane (Merck) with 300 cc of water 2 hours after a standard light 
breakfast and the following day 1 gm of dZ-tryptophane (Merck) was suni- 
larly given The unne was collected at hourly intervals and the volume 
lecQided The output of the metabolite was determmed by the following 
quantitative adaptation of the iodine test mentioned below To 8 cc of 
filtered unne in weighed 15 cc centnfuge tubes were added 2 ce of 0 1 N 
iodine solution and the reaction mixture was refngerated overnight After 
centnfugation, the supernatant fluid tv as decanted and discarded The 
precipitates were then washed three times by resuspension in 10 cc of dis- 

Tablb I 

Excretion ofOnknown Indole Dertmtive after Ingestion of 1 Om of dl- and l-Trgptophane 
hy Normal Adult Humans 


The results listed are for the dl form, no indigo red formed in the unne of sub- 
jects fed 2 tryptophane 


Tjme after ingestion 

1 Unknown tndole derivative as indigo red* 


miQQQgiiiiu 



hn 1 

m 

mj 

tnx 

mj 

0 

0 

0 

0 

0 

1 

S6 50 1 

18 75 

60 80 

72 30 

2 j 

41 80 

23 00 

1 62 50 

‘ 41 30 

3 

23 45 1 

81 60 

70 20 

39 60 

6 ! 

30 80 1 

145 SO 


1 115 50 

6 

5 OOt 

0 


I 0 

Total excretion 

157 55 

268 85 

314 40 

268 70 


• By calculation, 1 gra of df-tryptophane = 0 5 gm of d tryptophane — 322 mg 
of indigo red 

1 0 excretion at the 7th hour 


tilled water, centrifugation, and decantation of the supernatant liquid 
The final residues in the tubes were dried to constant weight in a 60° oven 
and the weight of the insoluble product determined by difference The 
data from these expenments are shoTvn m Table I It will be observed that 
no indigo red formed m the unne of the subjects when Z-tryptophane was 
fed, but that considerable amounts were obtained when these same subjects 
received dZ-tiyptophane 

To date this biological difference of I- and rfZ-tryptophane has been tested 
by thirty-four expenments on humans and in every instance the results 
have confuTued the onginal observations These expenments have 
brought forth the following additional information of physiological interest 
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(o^ elimination of the metabolite is not affected by the intake of food before 
or if ter ingestion of racemic trj^ptophane, (b) its excretion usually subsided 
6 to 7 hours after administration of 1 gm of df-tryptophane and 8 to 9 
hours after 2 gm of the amino acid had been fed, (c) in general the output 
nsea to a maximum and then falls off sharply to zero 

Isolation and Identification of Indigo Red Formed by Action of Iodine on 
Unnes of Subjects Fed dl-Tryptophane — ^Each of six normal adult humans 
■was given 1 gm of dl-tryptophane (Merck) by mouth -with 300 cc of water 
and the unne specimens were collected at hourly intervals to the 4th hour 
after admimstration of the anuno acid Each specimen was tested by add- 
ing 2 cc of 0 1 N iodine solution to 8 cc of urme, on bemg cooled in the ice 
box for 1 to 2 hours all the samples contained the characteristic reddish 
purple precipitate The specimens were pooled and filtered by gra-vity 
through fluted paper, a total of 950 cc of unne was obtamed To 500 cc 
of this urme were added 100 cc of lodme solution and the mixture was re- 
fngerated overnight at 4° Expenence havmg shonm filtration by gra'vity 
or suction to be an unsatisfactory separation procedure, the precipitate was 
collected m a neighed 50 cc cone bottom tube by centrifugation and 
washed five tunes hy resuspension in distilled ivater, centrifugation, and 
careful decantation of the rose-tmted supernatant solution On bemg dned 
to constant weight in a 60° oven, the washed product was found to weigh 
153 5 mg and contamed 10 85 per cent N by micro-Kjeldahl analysis (1) 
On recrj'stalhzation of 50 mg of this crude substance from methyl alco- 
hol, 34 mg of a purple plate-shaped crystalline material were obtained which 
contamed 10 61 per cent N A second recrystallization did not change the 
nitrogen value significantly, although an over-all manipulative loss of 24 
mg was mcurred When a small sample of the product was heated m an 
open flame, a characteristic indole odor was obtained The sublimation 
range of the substance was found to be 300-340°, which comcides with that 
reported for mdigo red, 295-340° (2) The mtrogen (1) and carbon (3) 
analvses are m agreement wnth the formula for mdigo red or blue 

CisHioNjO, Calculated, C 73 20, N 10 69, found, C 73 01, N 10 61 

The probable identity of the isolated product with mdigo red was deduced 
from the following evidence The compound is the result of an oxidative 
process, since the consumed lodme could be quantitatively recovered by 
thiosulfate titration on treatment of an aliquot of the filtrate of the reaction 
mixture wnth potassium lodate This was further demonstrated by the fact 
that bromine w^ater, hydrogen pero-ude, and sodium hj pochlonte in acid 
solution all yield dark purple pigments on addition to the urme derived from 
subjects fed dZ-tryptophane The literature (2) indicated that mdigo blue 
and mdigo red are usual products resulting from the action of these o'xidiz- 
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ing agents on the unne When an alkaline solution of the isolated product 
with glucose or sodium hydrosulfite was wanned, the ongmal deep red color 
of the solution disappeared An acetone solution of the isolated product 
exhibited a maximum absorption m the region 540 to 660 m;i with a peak 
which IS similar to that reported for indigo red (4) An authentic sample of 
mdigo blue m acetone was found to have a maximum absorption m the range 
580 to 600 m;i and a peak at 600 m/i This suggests the identity of the un- 
known product to mdigo red rather than indigo blue 

The compound is insoluble in cold or hot water and 10 per cent hydro- 
chloric, sulfuric, or mtnc acid It dissolves m concentrated sidfunc acid to 
form a yellowish green solution which becomes deep brown on standing 
The compound dissolves readily m 10 per cent sodium hydroxide or potas- 
sium hydroxide, from which it is readily pi ecipitated on neutralization with 
hydrochlonc acid Excessive heating of the alkalme solution results m 
some decomposition of the product Solution could not be effected even in 
50 per cent potassium carbonate It is readily soluble m hot methyl or 
ethyl alcohol or acetone and slightly soluble in chloroform or ether On 
standing overmght these solutions take on a defimte bluish tint Solution 
m glacial acetic acid is easily effected but on heatmg the color changes to a 
greenish yellow tint A comparison of these solubility data with those 
leported for indigo red (2) lends validitv to the viev that the isolated prod- 
uct IS mdigo red 

Survey of Possible Melahohles of Tryptophane Giving Rise to Indigo Red 

Inasmuch as numerous attempts at isolation and identification of the 
dZ-tryptophane metabolite which gives nse to indigo red have to date been 
futde, a study of some probable tryptophane metabohtes was made to de- 
termme which of these reacted similarly to the unknoim substance 

Tryptophane — The addition of iodine solution to normal urme to which 
dZ-tryptophane (Merck) has been added results m the formation of a tan- 
brown precipitate on lefngeratmg overnight This dissolves readily in 
acetone to a chocolate-brown solution and contains 6 14 per cent N, the 
calculated N for diiodotryptophane is 6 11 per cent Clearly, this com- 
pound IS not similar to the isolated product Moreover, the augmentation 
of the tryptophane output of the subjects was about the same on admm- 
istration of Z- or dZ-tryptophane 

Tryptamine — ^Iodine solution was found to react with tryptamme m 
normal urme, giving an insoluble brown product which is very soluble m 
acetone and contains 6 78 per cent N, the theory for duodotryptamme is 
6 81 per cent N This substance also cannot be regarded as the immediate 
precursor of mdigo red 

Indoleacetic and Indolepropionic Acids — ^Neither of these two compounds 
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fonned insoluble substances on treatment with iodine solution under the 
conditions of the test and they cannot therefore be regarded as immediate 
sources of mdigo red m the unne 

Indoxyl (Indican ) — ^Although indo\yl would be expected to be the source 
of indigo red obtained fiom the unne of humans fed dZ-tryptophane, the 
data m Table II indicate that this is not so It is obvious that the amount 
of mdican present as determined by the method of Sharht (5) could m no 
way account for the amount of indigo red isolated from the unne of the 
subjects given dZ-tiyptophane or the failure to obtain mdigo red subsequent 
to Z-tryptophane adnunistration These considerations preclude the possi- 
bility of indoxyl actmg as a source of mdigo red m this instance 


Table II 

Exarelxon of Indole Substances after Ingestion of S Gm of I- and dl Tryptophane by 
Normal Adult Humans 


Subiect sex 

Time 

after 

tases 

tion 

Excretion of indole 
substances 

Subject sex 
ana wrrfffif 

Tune 

after 

tagfcs 

tlOD 

Excretion of indole 
substances* 

ITtyp. 

to 

phanet 

di TjypicphAst 

/Tryp- 

to- 

pbanct 

dl Tryptopbane 

Indican 

Indican 

Indigo 

Indican 

Indican 

In^o 


hs 

mg 


mg 


hrs 

mg 

mg 

mg 

Subject A, 

iu 

0 71 

1 17 

0 0 

Subject F, 

0 0 

1 20 

1 59 

0 

male, 70 

IB 

0 70 


4 3 

female, 

0 5 

0 41 

EEa 

0 

kilos 

Bl 

0 39 


38 1 

60 kilos 

1 0 

0 42 

IB 

0 


2 0 

0 49 

2 34 

20 5 


2 0 

0 63 


18 3 


3 0 

0 45 


61 4 


3 0 

0 57 

1 33 

16 8 


4 0 

EESl 


62 4 


4 0 


rntWi^M 

70 0 


9 0 



0 


8 0 



0 


‘The iodine test was applied qualitatively after the 4th hour 
t All readings for indigo red were 0 


Skatole and Indole — These two substances were excluded as mdigo red 
sources by the finding that, on distillation of urine samples collected from 
subjects fed dZ-tryptophane under the conditions desenbed by ZoUer (6) as 
optimal for the volatilization of indole oi skatole, the distillate faded to 
yield mdigo red on treatment mth lodme solution and an aliquot of the 
residue yielded the same amount of mdigo red on addition of iodine solution 
as was obtamed from a comparable amount of the ongmal sample In 
subject A, male, given 1 gm of dZ-trj^tophane, the 3i d hour specimen meas- 
ured 36 cc and yielded 1 95 mg pei cc of mdigo red by the lodme reaction 
The leaction of 25 cc of this unne nas made alkaline to phenol phthalem 
with 10 per cent NaOH and concentrated to 10 cc by distdlation The 
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residue was then made neutral to litmus with dilute HCl and the volume 
readjusted to 25 cc When 8 cc of this solution were submitted to the 
lodme reaction, 1 90 mg per cc of mdigo red were obtained Moreover, 
the distillate failed to give a positive lodme reaction for mdigo red, a 
Salkowski mtrosoindole (7) reaction for indole, or Herter’s (8) p dimethyl- 
aminobenzaldehyde blue reaction for skatole Inasmuch as tndole-3 alde- 
hyde and tndoleS-carboxyltc acid could be expected to he degraded to indole 
(9) under the condition of this distillation procedure, these two substances 
are also precluded from consideration as the precursor of mdigo red 
Although it IS evident from the foregoing data that the dl-tryptophane 
metabolite which gives nse to indigo red on treatment with iodine solution 
IS an mdole derivative, it is clearly not one of the substances commonly 
regarded as a product of mtermediaiy metabolism of tiyptophane (10) It 
has been found to be stable in the unne on heatmg for 1 hour in the presence 
of 10 per cent sodium hydroxide or sulfunc acid The metabolite could not 
be extracted from neutral or acidified unne with chloroform, ether, or iso 
butyl alcohol Direct application of the mtroso reaction to these unnes 
yielded an orange-red color which could be extracted rvith isobutyl alcohol 
but not chloroform or ether From the literature (2), this is suggestive of 
the absence of indole and the possible presence of indoleacetic acid, which 
has been ruled out by previous expenment On treatment of a sample of 
this urine with Obermayer’s reagent (11) a deep red color formed rvhich 
could not be extracted with chloroform or ether but readily extracted mth 
isobutyl alcohol The failure to obtain a blue color with this reagent de- 
notes the absence of appreciable amounts of indican and the solubihty of the 
red color in isobutyl alcohol accordmg to Salkowski (12) suggests the pres- 
ence of mdoleacetic acid It is to be noted, however, that although these 
color reactions were intense in the unne of subjects fed dl-tryptophane, they 
were also obtained in a lesser degree with normal unne or unne of subjects 
fed Z-tryptophane Obviously, the unspecific nature of these color reac- 
tions does not permit clear interpretation of the data so obtamed 

In this survey no direct tests for other possible mtermediaiy metabohtes 
of tryptophane which might give nse to mdigo red have been made Hom - 
ever, some of these are precluded to a certam extent by circumstantial 
evidence Although tndoxyltc acid is knoivn to be oxidized readily to 
mdigoid pigments, the non-voiatile nature of the unknown substance 
obviates its possible identity ivith this acid The failure of the product to 
dissolve m ether, chloroform, or isobutyl alcohol on extraction m a measure 
excludes its probable identity with indolelacltc acid, mdolepynwtc acid (13), 
and a number of other possible mdole compounds The fact that a deep 
red and not a blue color was obtamed when the unne of the subjects who 
had received dZ-tryptophane was treated with Ehrhch’s aldehyde reagent 
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points to the piesence of increased amounts of indole rather than skatole 
denvatives (8) Hoiiever, this color reaction cannot be regarded as suffi- 
cient eiudence for the exclusion of a skatole denvative as the possible 
intermediate 

Comment 

Although the d and I forms of tryptophane have been reported by Berg 
(14) and du Vigneaud, Sealock, and Van Etten (15) to be equally effective 
m promoting growth in rats, there is evidence that mice fail to grow (16) 
or grow poorlj”^ (17) on diets supplemented with d-tiyptophane Our pres- 
ent studies indicate that the metabohsm of the d component of df-trypto- 
phane in the human differs markedly from that of f-tryptophane From 
the data in Tables I and II it appears that the greater part of the metabo- 
hzed d component can be recovered as indigo red when the unne is treated 
with iodine solution withm 4 to 5 hours after ingestion Although the 
intermediate metabolite has not been isolated, it is clearly not utihzable bj 
the human The practical implication of this findmg to human nutritional 
studies would appear to be that nearly double quantities of the racemic 
tryptophane need to be administered to secure the equivalent effect of a 
calculated amount of the naturally occurnng vanety 

StTMMART 

It has been observed that the metabolism of the d component of dl- 
trj ptophane differs from that of the I component m the human Although 
the aberrant intermediate metabolite has not been isolated, some of its 
properties have been reported Its most characteristic reaction is the for- 
mation of indigo red on the addition of iodine The study suggests that the 
biological value of df-trvptophane is approximatelj one-half that of Z-tryp- 
tophane 
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CHEMICAL DETERMINATION OF PYRIDOXINE 
REACTIONS IN PURE SYSTEMS 


By MELVIN HOCHBERG, DANIEL MELNICK, and BERNARD L OSER 
{From the Food Research Laboratories, Inc , Long Island City, New York) 

(Received for publication, May 17, 1944) 

Cntical studies have been conducted in our laboratones on vanous 
methods for the determination of pyndoxme Our expenences with the 
microbiological method have been presented elsewhere (14) The present 
paper is concerned with the chemical determmation of pyndoxme based 
upon its couphng reaction with 2,6-dichloroqumonechloroimide For a 
better understandmg of the factors modifymg the reaction and how these 
diould be controlled, tests were first conducted with pure systems The 
results of these studies are now presented In the followmg paper (5) the 
apphcation of the method to pharmaceutical preparations and biological 
matenals is desenbed 

The phenohe nature of pyndoxme has been the basis for chemical de- 
termmation through couphng reactions with 2,6-dichloroqumonechloro- 
inude (15, 11), diazotized sulfamhc acid (16, 1), the Fohn-Denis reagent 
(16), and feme chlonde However, even the chloroumde reagent, the 
most specifio of these, reacts to form dyes with many other phenols, ammes, 
and unrelated compounds (11) The rehabihty of each of the chemical 
methods for pyndoxme has been largely dependent upon the removal from 
the test extract of such mterfenng substances 

Principle of Present Method 

The vitamm is coupled with 2,6-dichloroqumonechloroimide m a strongly 
buffered alcohohe solution to yield a blue pigment, which is estimated 

CH.OH 
(1) HOj^CH, 

Pyndoxme 2,6-Diohloroquinone- 

chloroumde 

CH.OH 

Blue pigment 
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photometncally The reaction between the vitamin and the reagent is 
beheved to occur accordmg to Equation 1 (4,12) Potential errors due to 
other compounds coupling with the reagent are ehnunated by conductmg 
the reaction concurrently m the presence of an excess of borate, which under 
proper conditions renders the pyndoxme non-reactive without affectmg the 
reaction of other couphng compounds The structural formula of the 
pyndoxme-borate complex is beheved (12) to be 


( 2 ) 


Reagents — 

Chloroirmde Reagent — 100 mg of recrystallized 2,6-dichloroquinone- 
chloroimide are dissolved m 250 cc of isopropanol ’ The solution is stored 
in a glass-stoppered bottle m the refngerator, and portions are withdrawn 
as needed The reagent should not be kept for more than 1 month, and 
should be discarded sooner if a pmk discoloration develops The sohd 
reagent is first punfied by dissolvmg 1 gm m 50 cc of acetone and pre- 
cipitatmg by the gradual addition of small amounts of water while stirring 
The crystals are collected on a Buchner funnel, rapidly air-dned by suction, 
and then stored m a sealed bottle in the refngerator The recrystalhzed 
reagent is stable for more than 6 months under such conditions of storage 
Ammoma-Amnumiutn Chloride Solution — 160 gm of ammonium chlonde, 
c p , are dissolved in 700 cc of water and 160 cc of concentrated ammonia 
water (approximately 27 per cent) added The solution is diluted with 
water to 1 liter 

Bone Acid Solution — 5 0 gm of powdered bone acid, c p , are dissolved in 
100 cc of distilled water 

Pyndoxine Hydrochlonde^ — 100 mg of the crystalhne vitamm aie dis- 
solved m 1000 cc of 0 1 N hydrochlonc acid This stock solution is stable 
for at least 3 months if stored m the refngerator m an amber bottle Work- 
ing standards are prepared daily by ddution of the stocK solution 

Color Development — direct readmg photoelectnc colorimeter is most 
satisfactory for the measurements ’ To a tube contammg 1 cc of pyn- 
doxine solution, 5 cc of isopropanol, 2 cc of ammonia-ammonium chlonde 

' The crystalline compound may be prepared by the method described by Gibbs 
(4) or purchased from the Eastman Kodak Company, Chemical Sales Division, 
Rochester, New York, or from the Organic Products Company, Nen York 

I Obtained from Merck and Company, Inc , Rahway, New Jersey In the present 
study, the terms pyndoxine and pyndoxine hjdrochlonde are used interchangeably, 
and all values are expressed as the hydrochlonde 

’The Evelyn photoelectnc colonmeter obtained from the Rubicon Company, 
Philadelphia, was employed in these studies 
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solution, and 1 cc of bone acid solution, 1 cc of the chloroimide reagent is 
added, and the instrument is set at 100 per cent transmission 60 seconds 
later * The color is developed in 60 seconds in a similar tube contammg 
water m place of the bone acid solution Readings are taken mth the 620 
mu filter 

Though p3mdoxine is destrojed by irradiation, especially in alkahne 
solution (6, 7), exposure to ordinarj' laboratory light for 3 hours produces 
nomeasureable destruction of the vitamin even in colorless solutions Only 
m the case of the standard solution of pyndoxine, which may be used 



Fig 1 Rate of formation and fading of the dye formed m the reaction between 
pyndo'rme and 2,6 dichioroqumonechloroimide Curve a, 10 y of pyndoxine per 
tube, Curve 6, 20 y of pyndoxine per tube 

repeatedly for months, should special precautions be taken to avoid light 
destruction 

Typical time reaction curves showing the rate of formation of the colored 
complex are presented m Fig 1 The curves for 10 and 20 y of pyndoxine 
Were corrected for the small, progressive changes in the reagent blank 
before being plotted The graph demonstrates that the dye forms rapidly 
dunng the 1st minute and is sufficiently stable at 60 seconds for precise 
measurement When a veronal buffer (11) is used m the same vater-iso- 
propanol system, 20 minutes are required for maximal color development 
In the water-butanol sj^stem of Scudi (11) the coupling reaction is com- 
pleted only after 40 mmutes 

* The solutions are added m the order mentioned to prevent the precipitation 
of salts 
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In Fig 2 are plotted data indicating the proportionahty of the photo- 
metnc density of the pigment to imtial concentration of pyndoxine, exactly 
60 seconds after the addition of chloroiinide reagent It is apparent that 
the reaction obeys Beer’s laii \ATven readings are taken at any time other 
than in the stage of maximal coloi development, deviations from the Imeai 
relationship between color and pyndoxine content may be found 
Reproducibthiy and Speaficiiij of Method — More than 200 measurements 
over a penod of a yeai on pure solutions contaimng 10 and 20 y of pyn- 
doxine per tube, ivith different sets of buffer and reagent solutions, some 
freshly prepared, othem 2 to 3 neeks old, have given values agreeing ivith 
those plotted m Fig 2 to mthin ±11 per cent aierage deviation In all 



Pig 2 Proportionality of photometric densitj of pigment to initial concentre 
tion of pyndoxine 

cases, the same batch of lecrj stalhzed 2 , 6-dichloroqiiinonechloroinude was 
employed for making the reagent 

Experimental evidence has been obtained proving the specificity of the 
method for pjTidoxme Thevitammreactsto forma dyemth 2,6 dichloro- 
qumonechloroimide but fails to do so m the presence of boric acid Other 
compounds which couple vith the reagent leact to the same degree m the 
presence or absence of the bone acid The photometnc densities of the 
dyes due to pyndoxme and to mterfermg compounds are additive These 
pomts are clearly illustrated m Table I 

Only the diacetyl denvative of pyndoxme, 2-methyl-3'hydroxy-4, 5-bis- 
(acetoxymethyl)pyndme showed an appreciable difference m reaction in 
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the presence and absence of boric acid The compound is leputed to be 
biologically equivalent to pyridovine on a molar basis, owmg to the ease of 
removal of the acetyl groups from the molecule (17) The sample was 
assayed microbiologically (14) in our laboratory and found to possess 30 per 


Table I 

Validity of Borate Blank tn Determinalton of Pyndoxine tn Presence of Other 
Compounds Reacting viith S ,6-Dtchloroqutnonechloroimidc Reagent 




Photometric densltyf at 620 m^ 


Compound 

Amount 
per tube 

Test 

(<■) 

acid 

(ft) 

(») + 
lOYOf 
pyri 
dozine 

(c) 

(o) + iO 
y of 
pyridox 
me and 
boric aud 

(d) 

Increment 
due to 

10 7 of 
pyridox 
me 

ic) - (fl) 

w 

Inactiva 
tion of 
increment 
by bone 
acid 


7 





■i 

per cent 

Amline 



KlKlgj 

0 645 



100 

Phenol 




0 658 

0 226 

EH 

99 

(9 Naphthol 



0 241 

0 680 

0 240 

Em 

100 

Naphthylamine hydro- 
ohlonde 


1m 

0 146 

0 586 

0 146 

0 441 

100 

Catechol 

25 


0 290 

0 737 

0 281 

0 448 

100 

Resorcinol 

25 

0 103 


0 549 

0 112 

0 446 

98 

3 Hydroxypyndme 

4 6 




0 018 

0 444 

97 

2,4-Dimethyl-3-hydroxy-5- 

hydroxymethylpyndine 

hydrochlonde 

8 4 


0 334 

0 776 

0 344 

0 423 

98 

2-Methyl-3-hydroxy-4, 5- 
bis(acetoxymethyl)pyn- 
dine 

12 3 


0 299 

0 868 

0 310 

0 448 

98 

2-Methyl-3-amino-4-ethoxy- 
methyl-S-aminomethyl- 
pyndme dihydrochlonde 
monohydrate 

13 9 


0 001 

0 449 

0 014 

0 449 

97 

2-Methyl-3-hydroxy-4- 
methoxymethyl 5 hy- 
droxymethylpyndine 

8 9 


0 432 

0 875 

0 445 

0 435 

97 


* The weights of the pyndoxine analogues taken are equivalent on a molar basis to 
10 y of pyndoxine Ihese compounds were kindly supplied by Dr K Folkers of 
Merck and Company, Inc , Rahway, New Jersey 

t The colorimeter was set at 100 per cent transmission with the reagent blan 

cent of the potency of pyridoxme on a molar basis, a value in very close 
agreement tvith that derived from the chemical test This may have been 
due to the presence of free pyndoxme m the sample The acid-hydrolyzed 
material gave much higher values, eqmvalent to 75 to 85 per cent of pyn- 
doxme when subjected to both microbiological and chemical assay The 
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DETFRMINATION OF PIRIDOXINE 


other analogues of pyndoxme had no appreciable stimulatory action on the 
yeast, Saccharomyces cerevtstae, before or after acid hydrolysis (5) They 
hkewise failed to show any significant differences m reaction noth the 
reagent in the two buffers Biological assays on the rat have show n these 
compounds to possess practically no vitamin Be activity (17) 

Boeseken (3) reported that bone acid forms complexes vith 1,2 dihy- 
droxy compounds Scudi (11) found this to be true also in the case of 
pyndoxme In natural extracts other compounds may compete for the 
boric acid However, under the conditions of our test, there is always an 
excess of borate present for complete inactivation of the pyndoxme (5) 
Thus, m routine assays of a large vanety of biological matenals, it has been 
found m every case that added pyndoxme was rendered more than 97 per 
cent non-reactive m the presence of borate 
As a result of the tests recorded m Table I, it has been considered expe- 
dient in testing biological matenals to set the instrument at 100 per cent 
transnussion ivith a reaction tube containing the test extract and bone 
acid, 60 seconds after the addition of the reagent The pigment formed in 
testing the same extract in the absence of borate is then determmed photo 
metncally By this procedure only the additional light absorption due to 
the dye formed by the pyndoxme is measured 
Increment Procedure for Evaluating Photometric Density of Dye Formed 
by Pyndoxme — In the presence of relatively high concentrations of some 
interfenng coupling compoimds, the reaction between py^ndoxme and 2,6- 
dichloroqumonechloromude may be partially or completely mhibited mthm 
the penod of measurement 

Illustrative data ivith two such interfenng compounds are presented m 
Table II In the presence of sufficient resorcinol or naphthylamme hvdio 
chloride, the photometnc density due to a given amount of pyndoxme is 
much less than when the reaction is carried out m pure solution Thus, 
evaluation of the photometnc density due to pyndoxme, by interpolation 
on a reference curve derived from pure solutions of the vitamin after cor 
rection for the borate blank, would yield erroneously low values How ever, 
the photometnc density per unit of pyndoxme (K value) m a given solution 
IS a constant The interferences noted are undoubtedly due to the removal 
of much of the 2,6 dichloroqumonechloroumde by the high concentrations 
of the resoremol or naphthylamme Despite this, the additional concen 
tration of pyndoxme is insufficient to affect significantly the residual 
chloroimide, so that the K value for pyndoxme remains constant m each 
case Consequently, the addition of the standard m the form of an mere 
ment to an aliquot of the test solution containing the inhibitory substance 
offers a means for automatically correctmg for the interferences noted 
It IS recogmzed that such a procedure constitutes a difference method 
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olving a <iacrificc of precision This, however, is not serious in view' of 
the excellent reproducibility of the color development The constancy of 
the K value has been repeatedly confirmed m tests of biological matenals 

Table II 


fnlerferencc of Relalively High Concentrations of Other Coupling Compounds with 
Reaction of Pyndoxinc and S,6-Dtchloroquinoncchloroimide, Correction of 
Such Interference by Increment Procedure 


Coupling compound 

Added 

P> rtdoxme 

Photometric density* 

K valuef 
of pyndoxine 
increment 

Test solution 

Same + 
bone acid 


y 

y 




None 

0 

0 

0 

0 




10 

0 445 

0 006 

0 445 



20 

0 885 

0 014 

0 443 

Resorcinol 

25 

0 

0 103 

0 103 




10 

0 649 

0 112 

0 446 



20 

0 983 

0 117 

0 440 


100 

0 

0 396 

0 396 




10 

0 798 

0 399 

0 402 



20 

1 199 

0 411 

0 402 


400 

0 

0 401 

0 402 




10 

0 602 

0 404 

0 201 



20 

0 817 

0 407 

0 208 



50 

1 419 

0 412 

0 203 


1000 

0 

0 658 

0 658 




10 

0 740 

0 660 

0 082 



20 

0 816 

0 661 

0 079 



50 

1 061 

0 650 

0 081 

Naphthylamine 

50 

0 

0 145 

0 146 


hydrochloride 


10 

0 686 

0 144 

0 441 



20 

1 026 

0 149 

0 440 


600 

0 

0 611 

0 620 




10 

0 778 

0 600 

0 167 



20 

0 954 

0 614 

0 172 



50 

1 433 

0 623 

0 164 


5000 

0 

0 673 

0 657 




10 

0 665 

0 669 

0 000 



20 

0 680 

0 660 

0 004 


* The colonmeter was set at 100 per cent transmission with the reagent blank 
Readings were taken 60 seconds after the addition of the reagent to the solutions 
t The K value is the increase in photometric density per 10 7 of pyndoxine per 
tube 

(5) The advantages of the mcrement or internal standard procedure in 
assaymg a ivide variety of matenals have also been recognized m the 
determination of riboflavm (8), maOin (9), and vitamm A (10) 
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DISCUSSION 

As a lesult of the piesent studies, a procedure has been evolved for the 
determination of pyrido\me m test materials This involves coupling of 
the vitamin ivith the 2,6 dichloroqumonechloroimide reagent m a single 
phase system, correction for the presence of other compounds yielding a 
blue color by the use of borate which renders the pyridoxine non-reactive, 
and evaluation of the resultant color by comparison with the increment m 
photometric density produced when a knoira quantit 3 ' of the added vitamin 
IS allowed to react in the same test extract 

There are other features of this procedure which make it supenor to 
published methods based on the same coupling reaction The rate of the 
reaction is dependent upon the nature of the solvent, its water content, its 
sahmty, and the kind and concentration of the bases present (4, 11) The 
earher procedures (11,2) involve color development in a w'eakly buffered, 
generally 2-phase water-butanol system, without control of the salmity of 
the extract tested The color developments are time-consummg, non- 
hnear, and non-reproducible m replicate determinations These procedures, 
therefore, require a senes of standards with each determmation 

The method descnbed m this report involves a simple quantitative cou- 
pling reaction in a 1-phase system The use of a strong ammoma-ammomum 
chlonde buffer of high basicity and sahmty ehmmates completely the inter- 
ferences leported (4, 11) m similai reactions, due to the different kmds and 
vanable amounts of bases and salts in the test extracts and the degrees to 
which they are buffered The reaction betw'een the vitamin and reagent is 
now very rapid and more than 3 tunes as sensitive as before (11) 

Probably the most senous objection to the procedures previously re- 
ported (11, 2), mcluding those with other phenol reagents (1, 16), is the 
absence of a quantitative blank to correct for the presence of interfenng 
phenols, amines, and other compounds which couple with chloroumde Scudi 
has reported (11) unsuccessful attempts to apply a quantitative borate 
blank for this purpose The value of his blank was restncted to the quah- 
tative recogmtion of interfering compounds "When present m test ma- 
tenals, these had to be removed In most cases (13) this was not possible, 
requmng the quantitative use of a quahtative blank, as a first approxuna- 
tion, rather than none at all All these earher methods depend for specific- 
ity entirely upon the preparation of extracts of biological matenals free 
from interfering, coupling compounds Our expenences ivith these pro- 
cedures mdicate that this is never attained with complete recovery of added 
pyndoxme m the assay of natural products A compensating error may 
operate to some extent m these methods, since no provisions are made to 
correct for the possible presence of compounds which inhibit the reaction 
between pyndoxme and reagent 
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SUMMARI 

studies conducted mth pure S 3 'stems the basis is established for a 
chemical method for the determination of pyndoxme The vitamm 
couples mth 2,6-diehIoroquinonechloroimide in a 1-phase system The 
use of a strong ammonia-ammomum chlonde buffer of high basicity and 
salinity eliminates completelj’’ the inteifeience due to the different kinds 
and amounts of bases and salts in the test solutions and the degrees to 
which the latter are buffered The color reaction between the vitamin and 
reagent reaches maximal mtensitj’- in 60 seconds and is more than 3 tunes as 
sensitive as premously attained By the incorpoiation of a borate blank, 
the reaction is made specific for pvndoxme The influences of compounds 
which affect the rate or extent of foimation of the pigment and possibly its 
stabihty have been eliminated by the mciement or internal standard pro- 
cedure This involves evaluation of the color due to the pyndoxme m a 
test solution by means of the mcrement m photometric density resultmg 
from the reaction of an added, knoivn quantity of the vitamm 
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DETERMINATION OP PYEIDOXINE 


Principle of Method for Biological Materials 

Bound pyndoxme (12,13) is hydrolyzed by heatmg with strong hydro- 
chloric acid The free vitamin is adsorbed from solution at pH 3, and 
eluted ivith sodium hydroxide The eluate is clarified by precipitation 
ivith isopropanol Three ahquots of the supernatant are then tested with 
2 ,6-dichloroqumonechloroimide reagent, one alone, another m the presence 
of added pyndoxme (mtemal standard), and the third m the presence of 
bone acid which lenders the vitamm non-reactive without affecting the 
abihty of other reactmg compounds to couple ivith the reagent 
Reagents — 

Chloroimide reagent (7) 

Ammoma-ammomum chlonde solution (7) 

Bone acid solution (7) 

Pyndoxme hydrochlonde solution (7) 

Hydrolytic agent, 4 n hydrochlonc acid solution 
Buffer solution at pH 3 73 gm of disodium phosphate dihydrate plus 

167 gm of citnc acid are dissolved m water and diluted to 1000 cc 
Adsorbent, Lloyd’s reagent (obtamed from Eb Lilly and Company, 
Indianapolis, Indiana) 

Acidulated water, 0 001 n hydrochlonc acid 
Elutmg solution, 2 0 N sodium hydroxide 

Solutions for pH adjustments, 18 n and 1 n sodium hydroxide and 12 n 
and 1 n hydrochlonc acid solutions 



CHEMICAL DETERMINATION OF PYRIDOXINE IN BIOLOG- 
ICAL MATERIALS AND PHARMACEUTICAL PRODUCTS 
THE MULTIPLE NATURE OF VITAMIN Bo 

By MELVIN HOCHBERG, DANIEL MELNICK, and BERNARD L OSER 
(From the Food Research Laboralortcs, Inc , Long Island City, Hew York) 

(Received for publication, May 17, 1944) 

Comparative assays on the same samples by biological (5, 6) and micro- 
biological (1, 4, 10, 13) procedures for the determmation of vitamin Bo fail 
to show good agreement (4 , 16) because of the variable vitanun Be activity 
of compounds other than pyrido\ine for the test organisms employed The 
use of Streptococcus lochs for the assay of the vitamin m natural products 
may give values several hundred times as great as those obtained by other 
methods, oivmg to the activity for this organism of a metabohte of pyri- 
do'une, pseudopyndoxme (16) This compound is surular to the vitamm in 
its behavior towards adsorbents, elutmg agents, and acids and bases, but 
the vitamm is almost mactive as a growth factor for S lachs (14) Micro- 
biological assays based on the growth of Lactobacillus casei (10) are com- 
pheated by the response of the organism to oxidative degradation products 
of pyndoxme (4), and hence assays of food products also give erroneously 
high results, many times greater than those obtained by the rat growth 
method (5) Alanme stimulates the growth of both S lachs and L casei 
(15) Both the yeast (1, 13, 19) and rat groivth (5, 6) methods are un- 
affected by pseudopyndoxme (4) Values obtamed by yeast growth are 
generally lower than those yielded by rat assays, though the results are of 
the same order of magmtude (4, 16) 

The published chenucal assay methods (2, 3, 7, 11, 17, 18) claim to 
measure only pyndoxme However, the validity of the results obtamed by 
these procedures has depended upon the quantitative separation of pyndox- 
uie from the great variety of phenols, ammes, and other reacting com- 
pounds present m biological materials which couple with the reagent 
Expenence with these procedures indicates that complete separation is 
never attained 

In the precedmg paper (7), a rapid, precise, hnear, and specific color re- 
action was desenbed which ehmmates the necessity of prepanng an extract 
free from interfenng couphng compounds The present report desenbes 
the application of the method to the determmation of pyndoxme m biologi- 
cal matenals and pharmaceutical products Evidence is also presented 
shoivmg that compounds other than pyndoxme are found m natural ma- 
terials possessing the biological activity of vitamin Bs 

119 
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Principle of Method for Biological Materials 

Bound pyndoxme (12,13) is hydrolyzed by heating with strong hydro- 
chloric acid The free vitamin is adsorbed from solution at pH 3, and 
eluted -with sodium hydroxide The eluate is clarified by precipitation 
ivith isopropanol Three ahquots of the supernatant are then tested with 
2 jfi-dichloroqmnonechloroumde reagent, one alone, another m the presence 
of added pyndoxme (mtemal standard), and the third m the presence of 
bone acid which lenders the vitamm non-reactive without aSecting the 
abdity of other reactmg compounds to couple with the reagent 
Reagents — 

Chloroimide reagent (7) 

Ammoma-ammomum chlonde solution (7) 

Bone acid solution (7) 

Pyndoxme hydrochlonde solution (7) 

Hydrolytic agent, 4 n hydrochlonc acid solution 
Buffer solution at pH 3 73 gm of disodium phosphate dihydrate plus 

167 gm of citnc acid are dissolved m water and diluted to 1000 cc 
Adsorbent, Lloyd’s reagent (obtamed from Eh Lilly and Company, 
Indianapohs, Indiana) 

Acidulated water, 0 001 n hydrochlonc acid 
Elutmg solution, 2 0 n sodium hydroxide 

Solutions for pH adjustments, 18 n and 1 n sodium hydroxide and 12 n 
and 1 N hydrochlonc acid solutions 
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crepancies between the chemical data (viz values for yeast and liver extract 
powdera) and those denved from microbiological and biological assay 
These differences have been noted repeatedly on rephcate assays on the 
same and similar materials The significance of these differences ^vill be 
discussed more fully m a later section of this report 

Table II 

Importance of Increment Procedure and Borate Blank in Determination of Pyridoxine 


Test extract per tube 


Pure solution, 10 y pyridoxine 
Test solution from wheat bran 
Same + 5 7 pyridoxine 

" +10 “ “ 

" +15 " “ 

" +20 “ “ 

Test solution from rice bran 

Same + 10 7 pyridoxine 

Test solution from liver ponder 

Same +10 7 pyridoxine 

Test solution from yeast powder 

Same +10 7 pyridoxine 

Test solution from basal urine (H H ) 

Same +10 7 pyridoxine 

Test solution from multivitamin capsule 

Same +10 7 pyridoxine 


Photometric density* 

Inactiva 
tion of 
increment 
by borate 

Borate 

blank 

Test 

Test! 

ramus 

blank 

Increment 
per 10 y of 
pyridoxine 







per cent 

0 

002 

0 447 

0 445 

0 

445 

100 

0 

■HS 

0 601 

0 153 




0 

448 

0 763 

0 315 

0 

324 

100 

0 

452 

0 934 

0 482 

0 

333 

99 

0 

444 

I 091 

0 647 

0 

327 

100 

0 

457 

1 245 

0 788 

0 

322 

99 

0 

343 

0 563 

0 220 




0 

350 

1 003 

0 653 

0 

440 

98 

0 

335 

0 439 

0 104 




0 

345 

0 779 

0 434 

0 

340 

97 

0 

292 

0 402 

0 no 




0 

290 

0 829 

0 539 

0 

427 

100 

0 

393 

0 508 

0 115 




0 

402 

0 891 

0 489 

0 

373 

98 

0 

040 

0 420 

0 380 




0 

042 

0 860 

0 818 

0 

440 

100 


. evaluate the borate blank the colorimeter nas set for these readings 

per cent transmission with a tube containing 5 cc of isopropanol, 2 cc of water 

t ^°™°“iu-ammonium chloride solution 60 seconds after the addition of 1 
CO 01 chloroimide reagent 

t In all cases, the blank tubes contained 1 cc of boric acid solution The pyri- 
oxine was added as 0 1 cc of stock solutions of the vitamin, so that volume changes 

are negligible 


e deductions drawn m the previous papei from studies with pure sys 
(7) are further supported by related expeiiments conducted with the 
e\ racts denved from these materials The tests deal with the importance 
0 t e increment (mternal standard) procedure and the borate blank The 
nndmgs are presented m Table II 

It will be noticed that m the analysis of natural products high blanks are 
0 served owmg to the presence of other couplmg compounds For this 
reason, m the analysis of products low m pyndoxme, precise assays are 
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difficult to obtain The excellent recovenes found m analyses of the hver 
and yeast extract powders (see Table I) may be attnbuted m part to the 
relatively large amounts of pyndoxme added for the recovery tests These 
amounts were not excessive, smce they vaned from 50 to 150 per cent of the 
expected figures accordmg to microbiological (13) and biological (6) assays 
on the same samples Only m the analysis of pharmaceutical products, 
which contam high concentrations of pyndoxme m the presence of moderate 
amounts of mterfermg substances, are precise assays possible by the method 
descnbed 

The necessity of and justification for usmg the mcrement procedure, 
rather than rehance on simple reference to the reaction of a standard m pure 
solution for the estimation of the pjmdoxme content m the test extract, is 
demonstrated by the illustrative data for the wheat bran extract Though 
the mcrement m photometnc density per umt of p3mdoxme is low compared 
with that for pure solutions, it is constant with varymg concentrations of 
the vitamm 

Biologically Active Vitamin Compounds Other Than Pyndoxme in 
Natural Products 

Scudi (12) has reported the presence of bound pyndoxme m a nee bran 
concentrate Siegel, Melnick, and Oser (13) found that the vitamm occurs 
m nature principally m the bound form, and reported the concentrations of 
free and total vitamin Be m a vanety of biological matenals as determined 
by their modification of the microbiological method 

In the present report, three natural sources of the vitamin B complex 
nere subjected to vanous extraction and hydrolytic procedures m the de- 
termmation of total pyndoxme content The results are presented m 
Table III 

For the chemical hydrolytic procedures, the samples were suspended m 
hydrochloric acid solutions of vanous normalities or m sodium hydroxide 
solution, and the test-tubes immersed m a bodmg water bath for 1 hour 
Total pyndoxme was then deterrmned 4 n hydrochloric acid at 100° for 
1 hour appears to be as effective a hydrolytic agent as the previously re- 
ported procedure (13) of autoclavmg m 2 n sulfunc acid at 15 pounds pres- 
sure for a period of 30 mmutes Whereas 90 per cent of the pyndoxme v as 
m the bound form m the nee bran concentrate accordmg to the chenucal 
method, all of the vitamm m the dned hver powder and the dried yeast 
appeared to be present m the free form Only m the assay of the nee bran 
concentrate were the results by the chenucal method m agreement with 
those obtamed by the biological and nucrobiological procedures In every 
case, chenucal assays of pure solutions of pjndoxme subjected to the 
hydrolytic procedures listed m Table III gave complete recovenes 
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the liberated pyridoxme m the course ^ mechanical losses of 

leaction, (6) incomplete extinction nnW , extract for color 

and (c) greater specificity of the el <^he bound pyridoxine, 

r . , Table III 


Assay 

procedure 


Chemical' 


Miorobio- 

logicalf 

(13) 

Biologicalt 

( 6 ) 


Hzeaction and hydrolysis 


Water, 1 hr at 100“ 

1 N HCl 1 hr at 100“ 

2 " “ 1 « It „ 

3 “ “ t « « « 

4 " " 1 « <1 It 

5 " “ 1 " II II 

i “ NaOH, 1 hr at 100“ 

Claraae digestion (1), 48 hrs at 46“ 

'^eestion (2), 2 hrs at 40“ 
9 ^ pressure (121 “) 

rIsSO,, 0 5 hr at 15 lbs pressure (121°) 

None 


Pyndoune 


Rice 

braa 

concen 

trate 


y per 
im 

9 

57 

93 

92 

97 

98 
22 
47 

10 

100 

100 


Liver 

extract 

powder 


yptr 

tm 

14 

13 

13 

14 
14 

13 

14 
13 

11 

25 

30 


Yeast 

extract 

powder 

y per 
tm 

9 

9 

8 

9 

8 

9 

6 

11 

10 

34 

90 

85 


and ye^t Set' powders “““'entrate and 2 and 3 gni samples of the liver 

acid, and alkaline solutions suspended m 10 cc of the aqueous, 
the procedures followed were th ^ ^ u *'*“® c°aymio digestions, 

t Accordinv to tho v indicated by the reference citations 

t Accord! ^ msthod (13) 

growth respoMeL^dcur^oTrL Schreffler (6) in which both 

e of the rat dermatitis are taken into consideration 

rrxi , 

the test extro^!*^^^ losses of pyndoxme do not occui m the pieparation of 
vitamin is rl!i^ by the excellent recovery values obtamed ivhen 

Table I) n e to the original test materials piior to hydrolysis (see 

^^6 la ic 

tract powdei^ ^ values obtamed for the liver and yeast ex- 

sumptive eviflnn strength of the acid hydrolytic agents is pre- 

ce that no compound similar to that found m the iice bran 
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concentrate was available m these products for hydrolysis to free pyn- 
doxine In order to check this possibihty further, the samples were sub- 
jected to assay with alkalme hydrolysis of comparable normahty, and enzy- 
imc digestion accordmg to procedures which have been reported to be effec- 
tive for the hberation of bound pyridoxme (1,2) No mcrease m the values 
for pyridoxme was obtamed In fact, the value for the nee bran concen- 
trate was significantly less than that yielded by strong acid hydrolysis 
This low figure after clarase digestion was confirmed by replicate chemical 
and by microbiological assays Thus the conclusion appears to be justified 
that in the liver and yeast extract powders- microbiologically stimulatory 
substances are present, and that these have an activity comparable to that 
of pyndoxme m promotmg rat groivth and m curmg the dermatitis How- 
ever, these are not pyridoxme That other compounds are present m the test 
extracts capable of reacting with the reagent is evident from the high 
borate blanks obtained by the chemical method Whether or not some of 
these possess biological activity remains to be answered 

Abridged Chemical Procedure for Use with Pharmaceutical Products 

Ascorbic acid, if present m the final test extract, mterferes with the reac 
tion of pyiidoxme ivith 2,6-dichloroqumonechloroimide Though the two 
vitamms may be separated by the use of adsorbents, this procedure is too 
cumbersome for use with the relatively pure systems found m pharmaceuti- 
cal products containmg crystallme pyridoxme For the analysis of such 
preparations it has been found expedient to oxidize the ascorbic acid present 
by shakmg the alkalme extract with manganese dioxide The efficacy of 
this step IS illustrated by the results of experiments conducted wnth pure 
solutions of pyndoxme and ascorbic acid, which are presented m Table IV 

In the followmg short modification of the chermcal method, hydrolytic 
procedures are dispensed with, and ascorbic acid is destroyed by treatment 
■with manganese dioxide m alkalme solution The procedure is mtended 
for use with pharmaceutical preparations and is precise to ±2 per cent A 
representative sample contammg between 80 and 200 y of pyndoxme is 
suspended m 15 cc of 0 5 N sodium hydroxide m a tube cahbrated at 20 cc 
The suspension is immersed m a boilmg water bath for 15 mmutes with 
occasional agitation The sample is cooled, 200 mg of manganese dioxide 
are added, and the volume adjusted to 20 cc with water The tube is 
shaken for 5 mmutes A 5 cc aliquot of the suspension is added to 25 cc of 
isopropanol, and the mixture is centrifuged 6 cc aliquots of the supema- 

• In testing a number of different types of yeast products in our laboratories by the 
three assay procedures, we found that the values tor pyndoxme by the chemical 
method are consistently only a small fraction of the microbiological values, while 
the latter tend to approach but never exceed the figures estimated from the rat assays 
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Tabli. IV 

Effect of Ascorbic Acid upon Color Reaction of Pyridoxine wilh2 ,6-Dtchloroquinone- 
chloroimide before and after Treatment with Manganese Dioxide 


Previous treatment 

Pyridoxine 

Ascorbic acid 

Photometric densitj 

None 

y Per tube 

0 

mg per tube 

0 

0 


10 

0 

0 445 


10 

0 25 

0 442 


10 

0 50 

0 444 


10 

1 00 

0 446 


10 

2 00 

0 000 

Manganese dioxide* 

10 

3 00 

0 000 

0 

0 

0 000 


10 

0 

0 445 


10 

5 00 

0 447 


10 

10 00 

0 443 


Before dilution with laopropanol, the aqueous solutions of the vitamins were 
adjusted to 0 33 n with respect to sodium hydroxide and shaken 5 minutes with 200 
iQg 0* ildded manganese dioxide 


Table V 

Determination of Pyridoxine in Pharmaceutical Preparations by Abridged Chemical 

Procedure 


Preparation 


Vitamin B complex tablet, per tablet 
“ “ “ « 1 . „ 

“ capsule “ capsule 
" “ ■' « << „ 

Multivitamin tablet, per tablet 

“ “ i< II 

capsule, “ capsule 

“ “ II II 

Vita^ mineral tablet, per tablet 
capsule, capsule 


Claimed 

ascorbic 

acid 

content 

Pyridoxine 

Found 

Minimum 

claimed 

mg 

y 

y 

0 

530 

500 

0 

248 

250 

0 

256 

250 

0 

510 

500 

200 

55 

SO 

10 

362 

333 

200 

57 

50 

30 

206 

200 

10 

78 

83 

30 

303 

250 


iin are then tested alone, in the presence of 10 7 of added pyiidoxine, and 
P*'^6Dce of borate, as described in a preceding section of this paper 
e reliability of this procedure is indicated by tjipical anal3'^ses of the 
pharmaceutical products shoivn in Table V 
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SUMMARY 

A specific chemical procedure is descnbed for the detenmnation of pyri- 
doxme m biological products and pharmaceutical preparations Vanous 
chemical and enzymic hydrolytic procedures for the hberation and extrac- 
tion of the vitamm from natural products were exammed Chemical, 
microbiological, and biological data are presented mdicatmg that pyn- 
doxme is not the only compound m nature possessing vitamm Bj activity 
for the rat and for microorganisms An abbreviated, rehable procedure is 
given for the chemical determination of pyndoxme in pharmaceutical pro- 
ducts 
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ON THE STABILITY OF PYRIDOXINE 
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(From Ihc Food Research Laboratories, Inc , Long Island City, New York) 

(Received for publication. May 17, 1944) 

Much less has been reported on the atabihty of pyndoxine' than on the 
other vitamins that have been isolated in crystalline form Such iMorma- 
tion 13 essential m studies of pyndoxine metabolism, in assays for the vita- 
mm, and m the preparation and preservation of pharmaceutical product 
In the present paper are presented data on the effect of hght, heat, acids, 
alkah, and oxidizing agents on pyndoxine The stabihty of the vitamm m 
mixed vitamm preparations subjected to storage at an elevated tempera- 
ture has also been mvestigated 


experimental 

Deslruclion of Pyndoxine by Light 

In the course of our investigations on the determmation of p^doxme, 
a marked instabibty of the vitamm to light was noted (7) P 6 

nomenon, observed possibly by others (4, 8) m biologica ^ 

been mvestigated quantitatively m the present study y ® ^ ® 
method (5, 6), and by physical and microbiological methods (9) of ^ay 
The chemical (5, 6) and microbiological (9) methods are thiwe descn 
m previous papers from this laboratory The ph> sical met o e 

pendent upon comparative ultraviolet absoiption curves or e es so 
tions A prelimmary report of these findmgs has appeare w 

In these experiments, absoiption curves were obtame a p . . 

freshly prepared and irradiated solutions Extinction coe cien a 
absorption maximum, 324 mji, were used to estim^e i^^OO) em- 

pyndoxme, and the extmction ratios (assunung Eicm 3 «„rvp<i 

ployed to define the shapes of the absorption curves e p o ® 

(Figs 1 and 2) extend from 295 to 345 mM, and each represen , 

meats taken at fifteen or more wave-lengths In all cases e 

‘ In the present report, the terms pyndoxine and 
used interchangeably, and all values are expressed as the y roc concentrates 

» The loss of vita^n B. activity for the rat on irradiation f “^^"^'“lon of 
has been reported by others (4, 8) Whether or not statement made (4) 

p^doxine per se is questionable, particularly m vie irradiated at 

that “the fall in vitamm B« activity also occurs in , , . gtable to light 

strongly acid or alkaline reactions ” Pyndoxine in aci 

’ A Beckman spectrophotometer (2) Was used for these measureme 
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solutions initially contained 25 y of pyndoxine hydrochlonde per cc In 
the experiments with artificial hght, the solutions were exposed in an open 
beaker 8 mches below a 300 watt tungsten lamp mounted in a white reflec- 
tor Water lost by evaporation was replaced every 2 hours The tempera- 
ture of the solutions rose to only 35-40° Control solutions of varymg pH 
kept m the dark even at 90° for 24 hours showed no pyndoxine losses In 
the experiments with natural hght, the solutions were placed m stoppered 



Fig 1 Extinction ratios of aqueous solutions of pyndoxine at pH 6 8 initially 
containing y per cc and irradiated with a 300 watt tungsten lamp for varying 
periods of time Curve A represents the freshly prepared solution , Curves D,F,G, 
H, and I, the solutions irradiated 4, 14, 20, 28, and 52 hours respectively 

Erlenmeyer flasks and subjected to bright, diffuse daylight The tempera- 
ture range of these solutions was 15-20° 

The results of the irradiation experiments are presented m Figs 1 and 2 
and Table I Rapid destruction of the vitamin by hght in neutral and 
alkahne solutions is apparent from the values obtained by all three methods 
of measurement On the other hand, little loss is observed in 0 1 N hydro- 
chloric acid (pH 1 0) Similar results were obtained when the irradiations 
were performed m an atmosphere of mtrogen This mdicates that the 
destruction was not due to photolytio oxidation 
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The agreement between the chemical and microbiological methods of 
assay employed for these tests is e\cellent Apparently both methods are 
specific for the determmation of pyrido\ine in the presence of its photolytic 
degradation products Our observations (7) on the destruction of the 
vitamm by alkaline irradiation have recently been confiimed by Carpenter 
and Strong (1) They find, however, that the degradation products stimu- 
late growth of Lactobacillus caset In view of this observation, the chemical 
data for Experiment N in Table I are of mterest This sample contamed 



Fig 2 Extinction ratios of aqueous solutions, readjusted to pH 6 8, of pyndoxine 
initially containing 25 y per cc and irradiated i\ith a 300 watt tungsten lamp for a 
period of 9 hours at varying pH values Curve A represents the non irradiated 
control solution at pH 6 8, Curves E, M, and N, the solutions irradiated at pH 6 8, 
1 0, and 13 0 respectively 

high concentrations of compounds which coupled tvith chloroimide m the 
presence of borate Thus, omission of the borate blank m this case would 
have given a value for pyndoxine 60 per cent higher than the true value, a 
figure m good agreement with that obtained from the extmction coefficient 
It may be seen m Fig 2 that the presence of such compounds produces 
only moderate distortion of the pyndoxine absorption curve in the region of 
the ultraviolet measured 

Decomposition products couplmgwith chloioimide were not present m 
the P3Tidoxme solutions irradiated at an acid or neutral pH Only when 
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the absorption curves were considerably distorted was poor agreement 
observed between the values obtained spectrophotometncally and by the 
chemical and imcrobiological methods It is of mterest that the distortions 

Table I 


Destruction of Pyndpzine 5y Light in Aqueous Solution 




) 

IrradLation 

Residual pyndoxine 

Ezpenxnent 

Hrs 

pH 

Type* 

Calculated 

from 

extinction 

coef&cientf 

By 

chemical 

test 

By micro- 
biological 
test 

A 

0 

6 8 

Artificial 

y per cc 

25 

7 Per ce 

25 

y Per ec 

25 

B 

1 

6 8 

<1 

23 

23 


C 

2 

6 8 

// 

21 

21 


D 

4 

6 8 

<( 

18 

18 


E 

9 

6 8 

II 

12 

12 

14 

E 

14 

6 8 

II 

7 



G 

20 

6 8 

II 

6t 



H 

28 

6 8 

II 

2 4t 



I 

52 

6 8 

II 

0 8t 


0 1 

A 

0 

6 8 

Natural 

25 

25 

25 

J 

12 

6 8 

(1 

17 

17 


K 

24 

6 8 

(1 

13 

13 

13 

L 

36 

6 8 

<1 

11 

11 


E 

9 

6 8 

Artificial 

12 

12 

14 

M 

9 

1 0 

II 

24 

24 

22 

N 

9 

13 0 

II 

20t 

11§ 

12 


* In the irradiation experiments with artificial light, the solutions were exposed 
in an open beaker 8 inches below a 300 watt tungsten lamp mounted in a white re- 
flector In the experiments with natural light, the solutions were exposed to bright 
diffuse daylight 

t The extraction coefficients were calculated from the optical densities at 324 m> 

t Distorted absorption curves were obtained for these solutions owing to the 
presence of decomposition products which also absorbed in the ultraviolet region 
The values for pyndoxine calculated from the extinction coefficients are therefore 
erroneously high 

§ This solution showed considerable color development with 2,6-dichloroqmnone- 
chloroiimde even in the presence of borate, owing to decomposition products of 
pyndoxme Correction for these was made by use of the quantitative borate blank 
( 6 ) 

are predommantly below 324 mp, above this wave-length, the curves are 
practically superposable 

These findmgs on the instabihty of pyndoxme to light have important 
practical apphcations m assay, nutntional, and chemical studies with this 
vitamin However, the destruction is not so rapid as to necessitate the use 
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of a dark room for the routme determination of pyndoxme by ^ rapid 
chenucal procedure (5, 6) If mampulafaODS are conducted m the diffuse 
hgroTthe laboratory, and the neutral or olkahne solutio^ are exposed for 
no longer than an hour, quantitative recoveries are obtamed 

Stability of Pyndoxine to Heat and Chemical Agents 
Data on the stability of pyndoxine to boih^ and =rutocla^g mth stro^ 
acids and alkah are presented m Table II Heatmg the f or 1 h^ 

at 100“ with 5 N hydrochlonc acid, sulfunc acid, or sodium hydroxide does 

TabiiE II 


Reagent 


Water 

Hydrochlonc acid, 5 N 
Sulfunc acid, 5 n 
Nitnc acid, 1 N 

ic <( 2 

If 11 ^ II 

II II 4 II 

II II 5 II 

Sodium hydroxide, 5 n 
Water 

Hydrochloric acid, 0 1 rr 
II “In 

Sulfunc acid, 2 Nf 

(f ^ tt 

Sodium hydroxide, 0 1 n 

■I <1 4 I, 


Hcit Irtalmcnt 

Recovery of 



pyndoxme 

Tune 1 

Temperature 


C 

per cent 

1 

100 

100 

1 

100 

lOO 

1 

100 

100 

1 

100 

90 

1 

100 

78 

1 

100 

78 

1 

lOO 

58 

1 

100 

43 

1 

100 

100 

0 25 

121* 

100 

0 25 

121 

lOO 

0 25 

121 

100 

0 5 

121 

100 

0 5 

121 

100 

0 25 

121 

98 

0 25 

121 

100 


• This temperature was obtained by autoclaving a , recommended for 

t Autoclaving for 0 5 hour with 2 n suHune acid 
the liberation of bound pyndoxine for imcrobio ogic 

not affect pyndoxme Similar treatment with mtnc ^°'™7eacT^wth 
m oxidative destruction The decomposition products do not 

the chloronmde reagent «„tnclavmg pyndoxme m 

Carpentei and Strong (1) haxe repoited nounds pressure re- 

0 1 or 1 0 N sodium hydroxide for 15^1 tLS" much growth- 
suits in the formation of a substance which ^ , gy the chenucal 

promotmg activity foi Lactobacillus casei ^ found to be tvith- 

test of demonstrated specificity (5, 6), such rea m nmiutes at 

out effect on the vitamm Pvndoxine mav be au 
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15 pounds piessuie with 1 1 « hjdrochlono acid or sodium hydroxide, or for 
0 5 hour m 4 N sulfunc acid without deletenous effect 
In Table III are presented the results of miscellaneous experiments on the 
stabdity of pyndoxine Manganese dioxide, which is employed for the re- 
moval of ascorbic acid m the analytical determmation of pyndoxme m 
pharmaceutical products (6) , is mert towards the vitanun Potassium per- 
manganate destroys pyridoxme , this has been noted by others (1) usmg the 
Lactobacillvs casei procedure Hydrogen peroxide has been reported (1) to 
convert the vitamm m part to a product with enhanced activity for Lacto- 
bactllus casei, but ivith no activity for yeast By the chemical procedure, it 


Table HI 

Miscellaneous Experiments on Stability of Pyridoxins 


Agent 1 

1 

Treatment 

Recovery of 
added pyridozine 

1 

Manganese dioxide* 

1 hr , 25“ 

per cent 

100 

Potassium permangauatet 

1 “ 25“ 

1 

Hydrogen peroxide! 

4hr3,25“ 

44 

Cyatme§ 1 

Autoclaved 1 hr , 15 lbs , pH 7 2 

78 


• 200 7 of pyndoxme m 20 cc of 0 33 n sodium hydroxide were shaken with 200 mg 
of manganese dioxide 

1 1000 7 of pyndoxme m 50 co of water plus 0 1 cc of -i per cent potassium per- 
manganate were allowed to stand I hour The excess permanganate was then 
destroyed with 1 drop of 3 per cent hydrogen peroxide The latter was immediately 
removed with manganese dioxide 

1 1000 7 of pyridoxme in 30 cc of w ater plus 10 cc of 3 pei cent hydrogen peroxide 
were allowed to stand 4 hours The excess hj drogen peroxide was destroyed with 
manganese dioxide 

§ 250 7 of pyndoxme, 50 mg of cystine hydrochloride, and 250 mg of sodium 
acetate in 250 cc of solution (pH 7 2) were autoclaved for 1 hour at IS pounds 
pressure 

IS now found that the treatment with hydrogen peroxide destroys 56 per 
cent of the pyridoxme The decomposition product reacts with chloro- 
imide m the presence of borate 

Carpenter and Strong (1) have also reported enhanced activity for Lacio- 
bacillus casei when pyndoxme is autoclaved with cystme at pH 7 2 As 
measured by the more specific chemical method, this treatment is found to 
result m destruction of 22 per cent of the pyndoxme The reaction prod- 
ucts react with 2,6-dichIoroqumonechIoroimide m the presence of borate 
A control solution autoclaved at the same pH without the cystme showed 
no pyndoxme loss 

The stabihty of pyndoxme m pharmaceutical preparations is of practical 
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interest In Table IV are presented data on the stabihty of the vitanun in 
several pharmaceutical preparations subjected to an accelerated storage 
test The conditions of storage were those set forth m the specifications of 
the United States Federal Surplus Commodities Corporation (3) for multi- 
vitamm tablets and capsules Whereas vitamm A, thiamine, ascorbic 
acid, and pantothemc acid are relatively unstable members m mixed vita- 
nun preparations, pyridoxme must non be mcluded with nboflavm and 
mcotmic acid as the more stable components 


Table IV 

Stability of Pyridoxine in Pharmaceutical Preparations Subjected to Accelerated 

Holding Test 



Pyndoxme content per unit 

Preparation 


1 Found 


claimed 

Initially 

After 500 brs 
at45 

Multmtaimn tablet 

y 

333 

y 

392 

y 

388 

Yitanun B complex tablet 

50 

51 


Multivitamin capsule 

200 

206 


II 11 

250 

303 


Vitamin B complex capsule 

250 

252 

261 

“ mineral tablet 

83 

78 

78 


SUMMARY 

Chemical, physical, and rmcrobiological methods were employed in a 
study of the mfluence of visible light on pyndoxme The vitamm is im 
stable when irradiated m aqueous solutions at pH 6 8 or above At pH 
1 0, pyndoxme is almost unaffected The destruction is not due to photo- 
lytic oxidation The vitamm is stable when subjected to heatmg at 100 
m 5 N sulfunc or hydrochlonc acid, or 5 n sodium hydroxide Even auto- 
clavmg strong acid or alkalme solutions of pyndoxme at 15 pounds 
sure is ivithout deletenous effect The vitamm is unstable m mtnc acid 
solutions at 100°, probably because the latter is an oxidizmg agent Thus, 
permanganate and hydrogen peroxide are also capable of destroying pyn 
doxme, even at room temperature Manganese dioxide, on the other an , 
is ivithout effect Pyndoxme is stable m nuxed vitamm preparations sub- 
jected to accelerated storage tests, to the same degree as nbo avm an 
mcotimc acid 
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STUDIES ON THE UTILIZATION OF CRUDE RICINUS LIPASE* 
V EFFECT OF SOME SALTS ON THE ACTIVITY OF RICINUS LIPASE 
By S C YANG and C HSU 

(From the Department of Agricultural Chemistry, National University of Chekiang, 

China) 

(Received for publication. May 5, 1944) 

It has frequently been observed that inorganic salts influence enzyme 
actions With any one enzyme addition of a salt may increase or dimmish 
the velocity of the enzyme reaction In studymg the effect of neutral 
salts upon Rtcinus hpase, Hoyer (1), Tanaka (2), and Falk and Hamhn (3) 
investigated the action of manganous sulfate on castor bean hpase and 
found that the salt increased its activity Furthermore, Falk (4) studied 
the effect of vanous neutral salts on the action of this hpase on ethyl 
butyrate He found the change in activity to be a contmuous fimction 
of the concentration of salts added Monovalent salts, the chlondes and 
nitrates of banum and calcium (except for very dilute solutions), mag- 
nesium chlonde and nitrate, and dilute solution of sodium sulfate were 
found to exert a depressmg effect Dilute solution of BaCh, CaCh, MgCh, 
MnClj, and MnSOi produced mcreased activity Lithium salts had a more 
depressmg effect than the salts of sodium or potassium In the case of the 
sodium and potassium hahdes, fluorides had the maximum mhibiting effect, 
iodides next, bromides next, and chlondes least However, there appear 
to be no studies m the liteiature on the action of cations upon the activity 
of the hpase catalyzing the hydiolysis of oils or fats In the present paper 
thirty-six salts have been mvestigated under suitable conditions m order 
to compare their action on crude Rtcinus lipase Twenty-two of them are 
different cations combmed mth the same am on (mtrate), and the re- 
mamder various anions ivith the same cation (sodium) 

EXPERIMENTAL 

Preparation of Lipase — ^The castor oil seeds, selected ivith special care 
as to size and color, were carefully removed from the hulls, crushed as 
fine as possible m a mortar, and mixed thoroughly This crude Rtcinus 
hpase was analyzed for acidity and oil content to determme blanks apphed 
to subsequent analyses 

Four other articles have been published in Chinese (J Chinese Agr Assn , 
6-177) I Effect of germination of castor bean (Ricinus communis L ) on its hpase 
content, II Factors affecting the activity of Ricinus lipase on the hydrolysis of oils 
W fats, III Xhe activity of Ricinus hpase on various oils or fats, IV Studies on 
tcinus hpase content of various castor beans 
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Delermtnation of Activity — ^About 1 gm of castor oil, 1 4 cc of 0 112 
N H 2 SO 4 , and 0 6 cc of distilled water were mixed thoroughly wth about 
0 30 to 0 32 gm of en2yme m a low form test-tube To this, 1 cc of 0 01 n 
salt solution (for cations mtrate salts were used, for anions, sodium salts) 
was added and the mixture was mcubated at 40° for 6 hours After 


Table I 


Effect of Cationa on Activity of Crude Rtctnus Lipase 


Salts used 0 01 N 

Oil 

£!a 

Oil tn 
enzyme 

Total 

oil 

AlkaU 

for 

blank 

Total 

NaOH 

NaOH 

net 

Per cent 
hydrol 
ysis 

Per cent 
stimula 
Uon or m 
hibiUon* 



tm 


sm 


gm 


tm 

m eq 

m eq 

m eq 




AgJlO, 

9 



3072 

0 

2117 

1 

-2Z51 

9 

2623 

0 


0 




BW 

AI(NO,), QHiO 

1 

0164 


3049 

0 

2102 

1 

2266 

0 

2624 

3 

^£1 

1 

3474 

92 

43 

-f21 78 

Ba(NO,l 

1 



3085 

0 

2126 

1 



2626 

3 

1631 

2 

9445 

79 

16 

+4 29 

Bi(NO,), 6H,0 

1 




a 


1 

2490 


2631 

2 

3493 

2 

limy 

56 

57 

-25 48 

Ca(NO0s 

Q 



Hiwf 

9 

ffis 

1 



2627 

3 

1613 

2 

8986 

78 

98 

+4 06 

Cd(NO,), 

9 


0 

3014 

0 

® ! 

1 

2176 


TO 

3 

2119 

o 


SO 

23 

+5 70 

Co(NOj)2 6HiO 

9 

SR 


3015 

0 


1 

2249 


2616 

3 

Bxwf 



76 

60 

+0 92 

CuNO, 

1 

0289 


Miai! 

3 


1 

2419 


2626 

a 

9210 

s 

nB?B 

17 

98 

-76 73 

CrCNO,), 9HiO 

1 

0292 


3088 

0 

2129 

1 

2421 


2627 

1 


3 

3263 

90 

70 

+19 50 

Pe(NO,), 

1 



3014 

0 

TO 

1 

2176 



3 

BBB 

2 

9499 

so 

43 

+5 96 

Pe(NO,), 9HtO 

1 

0022 


3007 

0 

2073 

1 




3 

5687 

3 

KiHil 

92 

63 

+22 04 

HgNO, HiO 

1 



3090 

0 

2130 

1 

BkW 


2627 


9285 

a 

6658 

18 

14 

-76 10 

Hg{NO.)i 

1 



3122 

0 

2153 

1 

2651 


2635 

1 

R«!i 

i 

9999 

26 

96 

-64 63 

Mg (NO,), 6H,0 

1 

0578 


3173 

0 

2186 

1 

2734 


2645 

3 

2427 

9 


79 

19 

+4 34 

Mn(NO,), 6HiO 

1 



3027 

0 


1 

2177 


2612 

3 

wwil 

2 

9878 

83 

10 

+9 49 

NaNO, 

1 

BBSS! 


3086 

0 

2127 

1 

2415 


2627 

3 

1951 

2 

9324 

80 

10 

+5 53 

NH,NO, 

1 

0131 


3014 

0 

2056 

1 

2187 

0 


3 

2477 

2 

9873 

81 

50 

+7 38 

Ni(NO,), 6H,0 

1 



3057 

0 

2107 

1 

2297 


2619 

2 


2 

6465 

72 

89 

-3 01 

Pb(NO,). 

1 

loBii 


3038 

0 


1 

2213 


2614 

3 

BBH 

2 

9793 

82 

62 

+8 85 

Sn(NO.), 

1 

0121 


3015 

0 

2057 

1 

2178 


2612 

3 

2163 

2 

9551 

SO 

60 

+6 21 

Sr(NO,), 4H,0 

1 



3111 

0 

2154 

1 

2515 


2632 

3 

3657 

3 


S3 

69 

+10 36 

Zn(NO,), 

1 

0121 



9 


1 

2177 


TOl 

3 

2953 

3 

BSBI 

82 

80 

+9 09 

Control 

1 

0347 


B 

I 

H 

1 

2487 


2631 


0316 

2 

7685 

75 

90 



* -1- indicates stimulation, — , inhibition 


mcubation, the mixture tvas transferred to a 250 cc Erlenmeyer flask ivith 
50 cc of neutral ethyl alcohol, and the fatty acid produced was titrated 
against standard alkali (0 1 N NaOH) The results w ere calculated by the 
foUotvmg formula, 


% hydrolysis 


(r-o-A-Oxseixioo 


IT X S 
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Table II 


Effect of Anions on Activity of Crude Rictnus Lipase 


Saltsused 0 01 n 

Oil 

Enzyme 

Oil in 
enzyme 

ToUl 

oil 

AlkaU 

for 

blank 

Total 

NaOH 

NaOH 

net 

Per cent 
hydro! 
ysis 

Per cent 
stunula 
tion or in 
bibition* 



gm 


gm 


gm 


gm 

m cq 

m cq 

m cq 




NaF 

1 

0219 

0 


a 

2113 

1 

2332 


2622 

2 

6326 

2 

3704 

65 

10 

-10 86 

NaCl 

1 

0272 

0 


a 

2124 

1 

2396 


2625 

3 


2 


m 


+2 12 

NaBr 

1 

0278 

0 


a 

2126 

1 

HBII 


2626 

3 


2 

7724 

75 


-0 26 

Nal 

1 

0126 

0 

3039 

0 

2095 

1 

2221 


2614 

3 

Mu 

2 

7922 

77 

38 

+1 42 

NatCOj 

1 

0155 

0 

[jSIR 

3 


1 

2257 


2616 

2 

EmIi 

2 

6988 

74 

58 

-1 38 

NajSO, IOH 2 O 

1 



EM 

0 

2111 

1 



Wiwf 

3 

1245 

2 

8625 


66 

+2 70 

Na.PO, 

1 

iOKf! 

0 

3324 

0 

2292 

1 

3376 


2684 

2 

6926 

2 

4242 

61 

38 

-14 58 

NaNO, 

1 

0292 

0 


0 

2128 

1 

2420 

0 

2627 

3 


2 

WiitK 

m 

99 

-0 97 

NajCrO) 

0 

9996 

0 

EM 

3 



Kili?! 



2 

4462 

2 

1857 

61 

36 

-14 60 

NasSjO, 2H,0 

1 

liwni 

0 

3063 

0 

2111 

I 

2321 



3 

0172 

2 

7552 

75 

74 

-0 22 

NaClO, 

1 

0196 

0 

i ^ 



a 



E ^ 

3 

0457 

2 

7837 

76 

62 

-i-0 66 

■NaCHO 

1 

liwiw 

m 

im 

0 

2132 

1 

2441 


2628 

2 

4798 

2 

Bmi] 

60 

36 

-15 60 

NajCjH.O 

1 

0312 

0 

! m 

0 

2132 

1 

2444 


2628 

2 

8491 

2 

5863 

Eg 

39 

-5 57 

NajCiU^ 

1 

Em! 


' ^ 

0 

2192 

1 

2793 

0 

2649 

3 

2128 

2 

9479 

78 

05 

+2 09 

2Na,C,H,0, UH,0 

1 

0148 

0 

i mi 


K 

1 

2247 

a 

2616 

2 

7378 

2 

4762 

68 

48 

-7 48 

Control 

1 

0734 

0 

3220 

0 

2270 

1 


I 

2658 

3 

1935 

2 

9277 

75 

96 



*+ indicates stimulation, — , inhibition 


where T = total NaOH used, in nulhequivalets 

0 = acidity of oil taken, in milliequivalents 
A = milliequivalents of acid added 
C = acidity of enzyme used, in millieqmvalents 
W:= weight both of added oil and oil in the enzyme 
S = true saponification value of the oil 

Results 

The effect of thirty-SL\ salts on the activity of Rtcinus lipase has been 
studied in two senes One of them is for cations and the other for anions 
The results obtained are presented in Tables I and II respectively 

DISCUSSION 

From the expemnental data it is obvious that most cations had a stimu- 
lating effect, while the anions had an inhibitmg action 
For the cations shoivn in Table I, a lyotropic senes may be made as 
follows 

Fe^+*-, Al-^++ > Cr++^- > Sr++ > Mn++ > Pb++, Zn++ > NH4+ > Sn++ > Fe++ > 
Cd-H- > Na+ > Ba++ > Mg++ > Ca++ > Co++ > control > Ni'*+ > > 

Hg++ > Hg+ > Cu+ > Ag+ 
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These resvdts indicate that the cations hsted before the control (no ad- 
ded salts) were the most effective salts in increasmg the activity of hpase, 
while those following the control were the most effective salts m decreasing 
it 

In order to simplify the senes, it is possible, by a careful study of these 
results, to pomt out senes of legulanties For instance the effect of 
tnvalent ions such as ferric was gieater than that of divalent ions, and 
that of the latter was in turn greater than that of monovalent ions Thus 
for stimulation the order is C+++ > ( 7 ++ > It is just the reverse for 
inhibition, viz , C+ > > C+++ These regularities can be used eithei 

for different elements oi the same element for different elements as 
Fe+++ > Mn++ > Na+ (m stimulation) and Cu+ > Hg++ > Bi+++ (in 
inhibition) , for the same element as Fe+++ > Fe++ and Hg+ > Hg++ 

In industry, manganese (especially MnS04) is commonly used for 
stunulatmg the activity of Ricinus lipase on the hydrolysis of oils or fats 
But from our evpeiimental results, it is necessary to suggest that the feme 
or similar salts must be used instead of manganese salts 

On the other hand, the anions, sho%vn in Table II, had an inhibiting 
action and a senes may also be given 

CHOr > CrOr" > PO. > F- > CJItOr > C,H,Oj- > CO»— > NO,- > 

I- > control > CIO," > Br" > aO,— > Cl" > SOr~ 

From the above senes, it is clear that the general antiseptics (formate and 
fluonde) are powerful inhibiting agents on Rtcinus hpase Other ions had 
mhibitmg effects apparently m the order of the valency of the anions, 
e g , POr , C5H5O7 , COa" ~, NOa”, Cl- This may also be 
written as A > A > A~ Furthermore, from a careful study on 
halides, the retardation increased m the order of chloride, bromide, iodide, 
and fluoride 

In some cases, the anions following the control have shown a stimulating 
action on the hpase This may be explained by assummg that the stimu- 
latmg effect of sodium 10ns is greater than the inhibiting action of the 
amons Consequently, the positive and negative constituents of each salt 
apparently exert their individual actions which sum up to give the total 
action of the salt 


SUMMARY 

The effect of thirty -sue salts on the activity of Ricinus hpase was studied 
under suitable conitions Two lyotropic senes have been determined, 
one for cations and another for amons 
In the case of cations, most of them mcrease the activity of hpase, while 
some dimmish it From these results a general rule accordmg to valency 
has been suggested, thus C+++ > C++ > C+ for stunulation and C+ > 
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C++ > C+++ for inhibition The i ule for most cases can be used either for 
different elements or the same element 
On the other hand, the anions mostly deciease the activity of lipase, but 
in a few cases such as CIOs”, Br“, etc , show an mcreasmg action How- 
ever, this effect may be due to the stimulating effect of the cation (Na) 
bemg gieatei than the inlubitmg action of the amons Hence a general 
rule for the inhibiting action of anions is A+++ > A++ > A+ 
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FATTY ACID METABOLISM THE MECHANISM OF KETONE 
BODY SYNTHESIS FROM FATTY ACIDS, WITH ISOTOPIC 
CARBON AS TRACER* 

By SIDNEY WEINHOUSE, GRACE MEDES, and NORMAN F FLOYD 
{From the Lanlenau Hospital Research Institute, Philadelphia) 

(Received for publication. May 18, 1944) 

In a recent communication (1), results were reported of a study of the 
breakdown of n-octanoic acid labeled by meorporation of an excess of the 
heavy carbon isotope, C*’, m the carboxyl group Proof was offered for a 
mechanism of ketone body formation mvolvmg the random couplmg of 
identical 2-carbon umts formed by /3 oxidation of the octanoic acid The 
present paper is concerned ivith a more detailed deseription of these ex- 
periments and a discussion of the significance of the results obtamed to 
the general question of the oxidation pathways of fatty acids 


EXPERIMENTAL 


Preparation of Carboxyl-Labeled n-Octanotc Acid — Carbon dioxide was 
prepared by the oxidation of 0 49 gm (0 01 mole) of isotopic sodium cyamde 
ivith aqueous potassium permanganate The COj was released by means 
of sulfunc acid mto a high vacuum system, where it was purified and dried 
by refieated sublimation at —80° and condensation at —200° Analysis 
m the mass spectrometer gave a C“ content of 5 51 per cent ^ The CO 2 
was then condensed mto a highly evacuated flask containmg an excess of 
n heptyhnagnesium bromide m ether After several hours were allow ed 
for the reaction to go to completion, the reaction mixture was decomposed 
ivith dilute sulfuric acid and distilled with steam The distillate was ex- 
tracted with ether, the ether extract was shaken with dilute sodium hy- 
droxide, and the aqueous solution of sodium octanoate acidified and re- 
extracted ivith ether The extract was then dried over anhydrous sodium 
sulfate and the ether evaporated The residual colorless oil weighed 1 175 
Sua , representmg a yield of 81 per cent A Duclaux distillation revealed 
no perceptible volatile acid other than n-octanoic Neutrahzation equiva- 
lent, observed, 143 0, calculated, 144 2 


( 2 ). 


With the technical assistance of Mary Cammaroti 
' The C** content is expressed as atoms per cent C*’ calculated from the equation 


moles C*’ 


Atoms % C“ = — ; — ; — 77 , ^ 

moles C“ + moles C*’ 

The normal C*’ complement for our instrument was found to be 1 04 per cent 
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A specimen of this acid was ovidized according to the wet combustion 
method of Van Slyke and Folch (3) The lesultant CO2 had a C“ content 
of 1 59 per cent, correspondmg to a C"’ content for the carboxyl carbon of 
(1 59 X 8) — (1 04 X 7) = 5 44 per cent, m excellent agreement with the 
value of 5 51 per cent found for the C*’ content of the origmal CO2 

Incubation with Liver Slices — Liver shces of 0 4 mm thickness from rats 
fasted 24 hours were shaken for 2 hours at 37 5° with 30 ml of a 0 01 n 
sodium octanoate solution m a phosphate-buffered Rmger’s solution The 
composition of the medium was as follows sodium octanoate 0 010 si, 
NaCI 0 051 SI, PO4 buffei, pH 7 4, 0 010 si, CaCL 0 001 si, KCl 0 002 si 
The reaction was carried out m Warburg type vessels of 125 ml capacity m 
an atmosphere of oxygen, with 0 5 ml of 2 n H^04 m the side cup and 
filter paper soaked with 0 5 ml of 15 n NaOH m the central well The 
uptake of oxygen was measured by an attached gas burette At the end 
of the mcubation period the acid, sufficient to brmg the pH of the medium 
to 3 5, was tipped in from the side cup and shakmg contmued an additional 
15 mmutes to allow complete absorption of the liberated CO2 

Determination of Respiratory CO 2 — ^The alkah-soaked filter paper m the 
central well was quickly tiansferred to another Warburg vessel contammg 
20 ml of C02-free water, the air was swept out with a stream of CO2 free 
mtrogen, and, after equilibiation, the CO2 was hberated by acid tipped m 
from the side cup The evolved CO2 was measured volumetncally The 
gases were then swept, by means of mtrogen, into an absoiption tube con- 
tammg barium hydroxide, from which the C02 was ultimately hberated 
by acid mto an evacuated storage tube foi deteimmation of the content 

Decomposition of Acefoacelic Acid and Isolation of Acetone and COi 
Therefrom — ^The solution was decanted from the fiver slices mto a 50 ml 
centrifuge tube, the slices were washed successively ivith small portions of 
dilute alkali and watei to remove any adsorbed fatty acid, and the washmgs 
added to the solution The soluble proteins and sugar were removed by 
the addition of 1 ml of 25 per cent copper sulfate, followed by sufficient 
solid calcium hydroxide for alkahnity After standmg J hour, the mixture 
was centrifuged, and the cleai supernatant liquid lefluxed with mercimc 
sulfate accordmg to the proceduie of Van Slyke (4) The CO2 liberated 
by the decomposition of the acetoacetic acid nas swept, by a stream of 
mtrogen, mto banum hydroxide solution, from which it was liberated by 
acid mto an evacuated storage tube foi deteimmation of the content 
The precipitated acetone-mercuiy complex was tiansferred to a weighed, 
smtered glass funnel, washed thoroughly, and dried at 110° It was then 
oxidized by the wet combustion method of Van Slyke and Folch for deter- 
mmation of the C“ content 

The filtrate from the acetone precipitation was then treated with di- 
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chromate according to Van Slyke (4) for the oxidation of j3-hydroxybutync 
acid, and the acetone and COj isolated as described above C*’ determma- 
tions were made on the COi evolved durmg the oxidation, but the amount 
of acetone-mercury complex formed was too low for C” detemunations 
Recovery of Residual Pally Acids — ^The final filtrate was diluted to 200 
ml and the volatde acids determmed by the method of Friedemann (5) 
Duclaux distillations were cairied out on th^ residual fatty acids for com- 
parison with the origmal octanoic acid 
Isolope Analysis — ^The C*’ determmations were carried out with a com- 
mercial mass spectrometer manufactured by the Consolidated Engmeermg 
Corporation of Pasadena, California The C'^ values given herem have 

Table I 

Dislnbution of C“ in Products of Incubation of 0 01 ii Carboxyl-I abeled Octanoale with 
Liver Slices from Fasted Rats 


Time, 2 hours, temperature, 37 5° 



Experuneat 1 

Experiment 2 

Experiment 3 

Experunent 4 

Tissue im 

1 25 

1 25 

2 50 

2 50 

Volume oi medium ml 

30 


30 


60 


60 



mu 

per cent 
C« 

mu 

per cent 
Cu 

mu 

per cent 
C“ 

mu 

percent 

CU 

Octanoic acid utilized 


1 59 


1 59 


1 59 

[lltwl 

1 59 

0i consumed 



iWWm 




0 283 


COj evolved in respiration 
Acetoacetic acid 


1 41 

m 

1 34 


1 35 

0 161 

1 39 

Acetone 


1 33 

0 0787 

1 34 


mi 


1 33 

Carboxyl 

Hydroxybutyrie acid 


1 80 


1 89 


I 78 

■ 

1 85 

Acetone 

HHOCM 


0 0143 




0 0376 


Carboxyl 




1 22 



0 1623 

1 15 


been corrected for the 0 04 per cent of 0*’^ naturally present m oxygen 
contnbutmg to the mass 45 peak as C0‘°0*^ 

Resulls 

The results of four experiments m which carboxyl-labeled n-octanoic 
acid was meubated for 2 hours with liver slices from fasted rats are shown 
m Table I The mean. C‘^ content of the acetone moiety of the acetoacetic 
acid IS 1 32 ± 0 02 atom per cent, representmg an excess of 0 28 per cent 
over the normal complement of 1 04 per cent The CO: derived from the 
carboxyl group of the acetoacetic acid contamed 1 82 ± 0 03 per cent C^’, 
an excess of 0 78 per cent 

Location of C“ within Acetone Molecule— To ascertam the position of the 
C** withm the acetone the remammg Demgbs mercury-acetone complex 
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from the four experiments 'was pooled, givmg m all 40 2 mg , representmg 
2 01 mg of acetone It was dissoh ed m 2 ml of 6 n HCl and the acetone 
distilled at room temperature under reduced pressure mto a cooled iulv 
ture of 2 ml of 15 N NaOH and 2 ml of 0 1 N lodme solution After 
wamung to room temperature, the mixture was acidified The iodoform 
was separated by centrifugation, washed thoroughly, and oxidized to CO: 
by the wet combustion procedure of Van Slyke and Folch The CO* 
thus obtaiped had only the normal complement of C*’, 1 04 per cent 
Smce the iodoform m t h is procedure is derived from the methyl carbons, 
it IS clear that the excess C“ of the acetone is exclusively m the car- 
bonyl carbon Inasmuch as the mean C’ content of the entire acetone 
molecule is 1 32, an excess of 0 28 per cent, the C“ excess of the carbonyl 
carbon is (3 X 0 28) or 0 84 per cent 

Respiratory COi — ^The mean value for the C” content of the respiratory 
CO: was I 37 ± 0 03 per cent, representmg an excess of 0 33 per cent 
Smce the octanoic acid contamed 1 59 per cent C**, or an excess of 0 55 per 
cent, the average fraction of the respiratory CO. derived by complete 
oxidation of the substrate is 0 33/0 55 or 60 per cent of the total respiratory 
CO, 

Disappearance of Octanoic Acid — ^In three of four experiments shown m 
Table I determmations were made of the amount of ii-octanoic acid which 
disappeared dunng incubation Of 0 207, 0 389, and 0 309 mai of octanoic 
acidutilizedmtheseexpenmentsonly0 0930,0 0873, and 0 1131 mii respec- 
tively of total ketone bodies (as acetone) were recovered Thus, of the 
octanoic acid disappearmg, only 22, 11, and 18 per cent respectivelj can be 
accounted for as ketone bodies Because of this surpnsmg findmg the 
method of recovery of the octanoic acid was carefully mvestigated The 
residual acid was generally recovered after the successive steps of depro- 
teinization, precipitation of acetone, and oxidation of jS-hydroxybutyric 
acid Preliminary experiments with known quantities of acetoacetic, 
j3-hydroxybutync, and n-octanoic acids of the same order as is dealt with 
m these experiments gave quantitative recoveries of each component 
However, m order to rule out any possibility of loss of octanoic acid by any 
of these procedures, m Experiments 3 and 4 aliquots of the solution after 
mcubation were acidified and distilled directly The octanoic acid re- 
covered by this procedure was not significantly greater than that obtamed 
after deproteinization and ketone body isolation The possibihty that 
octanoic acid may be bound by the tissue was also mvestigated A buf- 
fered 0 01 II solution of octanoic acid wras divided mto two equal parts, 
one of which was distilled directly, the other shaken with 1 25 gm of hver 
slices and then distilled The recovery of acid was quantitative m both 
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instances, hence there is no significant absorption of octanoic acid by the 
tissues 

YolalilcF ally Acids — The Duclaux constants for the initial octanoic acid 
and the voltade acids obtained by direct distillation after incubation are 
compared in Table II There is indicated the presence of a small amount 
of a more volatile acid accompanymg the octanoic acid Inasmuch as 
butyric and hexanoic acids can be detected by odor in very low concentra- 
tions, there is little likelihood they are present in significant amounts 
That the acid is possibly acetic acid is indicated by comparison of the 
Duclaux constants of the volatile acids ivith those of a s3Tithetic mixture 
consisting of 90 per cent octanoic and 10 per cent acetic acid (Table II) 
The constants are practically identical 


Table II 

Duclaux Constants of Fatty Acids 



Total volume distilled 

12 5 

per cent 

25 0 

per cent 

37 5 

per cent 



Per cent of total acidity m distillate 

n-Ootanoio acid 

8« 0 

96 5 

97 9 

98 4 

100 0 

Carboxyl-labeled n-octanoio acid 

86 1 

97 0 

98 2 

98 8 

100 0 

Volatile acids. Experiment 4 

79 5 

91 0 

94 3 

96 1 

100 0 

90% octanoic acid-10% acetic acid 

79 0 

91 1 

93 6 

95 8 

100 0 

Acetic acid 

14 7 

30 1 

46 4 

63 9 

100 0 


DISCUSSION 

Mechanism of Kelone Body Synlhesis — The classical theory of ^ oxidation 
(6, 7) assumes that successive /3 oxidation along the fatty acid cham occurs, 
the last 4 carbon atoms, m the form of butyric acid, bemg oxidized directly to 
the ketone bodies As origmally conceived, this theory failed to account for 
the absence of acetic acid, which would be expected m large amounts as a 
result of /3 oxidation (8—10), and the forination, under certam circumstances, 
of more than 1 molecule of ketone body per molecule of fatty acid catabo- 
hzed (11) As a result, several modifications of this theory have been pro- 
posed To account for the high yields of ketone body by hver shces 
Jowett and Quastel (11) revived the hypothesis of Hurtley (8) that oxida- 
tion occurs at alternate carbon atoms throughout the fatty acid chain prior 
lo sphttmg mto umts of 4 carbon atoms Known as the theory of multiple 
alternate oxidation, it has been accepted widely (10-12) 

Recently MacKay (13) has suggested that the ketone bodies may e 
formed by condensation of acetic acid (or some other 2-carbon mtermediary) 
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resulting from jS oxidation of the fatty acid Although no experimental 
evidence was offered for this hypothesis, it js consistent with the knoNvn facts 
on which are based the earher theories, and it explains certam findmgs 
which cannot be reconciled with the theory of multiple alternate oxidation, 
namely, (a) the formation of more ketone bodies from hexanoic than from 
butyric acid (12), and (6) the formation of ketone bodies from valeric acid, 
3 carbon atoms of which are known to form glycogen (14, 15) 

The essential correctness of the principle of d oxidation was conclusively 
demonstrated by Schoenheimer who found, with deuterium-contammg fatty 
acids, the mutual mterconversion in mvo of palnutic and stearic acids (16) 
The presence of excess C“ m the acetone portion of acetoacetic acid 
formed by the breakdown of carboxyl-labeled n-octanoic acid is proof that a 
redistribution of the carbon atoms occurred durmg this process, a result 
which IS inconsistent with either the classical theory of /3 oxidation or the 
multiple alternate oxidation hypothesis Moreover, the equal distribution 

Table III 


Comparison of Observed Values of C‘* Dislribution in Aceloacelic Acid Predicted by 
Various Theories of Ketone Body Formation 



Atom per cent excess 


Carbonyl 

Carboxyl 

Observed 

0 84 

0 83 

^ oxidation-condensation theory 

1 10 

1 10 

Multiple alternate oxidation theory 

0 

2 20 

Classical /3 oxidation theory 

0 

0 


of the excess C“ between the carbonyl and carboxyl carbons of acetoacetic 
acid and the absence of excess C” from the methyl and methylene carbons 
are consistent only with a mechamsm mvolvmg the random couplmg of 
identical 2-carbon units The observed distribution of the excess C” 
between the carbonyl and caiboxyl caibons, compared with the values 
calculated for the three theories discussed above, is shoivn m Table III 
The correspondence between the observed values and those predicted by 
the |3 oxidation-condensation mechanism is actually better than that indi- 
cated m Table III when it is recalled that m the absence of a substrate there 
IS a spontaneous formation of ketone bodies sufficient to account for the 
differences noted 

The observations also rule out the mechanism for the formation of aceto- 
acetic acid suggested by Krebs and Johnson (17), whereby it was presumed 
acetic and pyruvic acids condense to form acetopyruvic acid, which is then 
decarboxylated, accordmg to the equation 

CH.COOH + CHjCOCOOH -> CH,COCH,COCOOH - OHjCOCHjCOOH + CO, 
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The results also preclude any possibility of the formation of ketone bodies 
by a mechanism mvolving either a or 6j oxidation of fatty acid (18) It 
should be pomted out, however, that these mechanisms, ruled out m the 
hver shce experiments, may occur m the mtact orgamsm 

Formahon of Loner Fatly Acids — In /3 oxidation accordmg to the classical 
theory, the assumption is made that a molecule of the next lower homologue, 
m this case hexanoic acid, is formed If the latter had to compete with the 
remaimng octanoic acid for the available active surfaces of the enzymes 
involved, there should occur an accumulation of hexanoic acid as oxidation 
proceeds The same considerations apply to the lower acids, bptync and 
acetic As a result, varymg amounts of hexanoic, butyric, and acetic acids 
would accumulate, dependmg on the relative rates at which each was trans- 
formed But these experiments gave no evidence for the presence of either 
hexanoic or butyric acid, and acetic acid, m agreement with previous ob- 
servations (10, 14), was present, if at all, m amounts small m companson 
with the amounts of octanoic acid catabolized Several explanations may 
be offered for this phenomenon, though they have not as yet been put to 
experimental test (a) the lower acids may be oxidized or otherwise metab- 
olized much more rapidly than the ongmal 8-carbon acid, (b) the fatty 
acids may be so adsorbed to the surface of the enzyme that complete con- 
version to acetic acid occurs wnthout dissociation of the mtermediate lower 
fatty acids 

N alure of the 2-Carhon Intermediary — Although the nature of the 2-carbon 
fragment formed by /3 oxidation is not known with certamty, acetic acid 
appears to be the most hkely possibihty, since it is the only 2-carbon com- 
pound known to form ketone bodies both in vitro and m mtact animals 
(111 13, 14) The experiments of Swendseid, Barnes, Hemmgway, and 
Nier (19) with carboxyl-labeled acetic acid are particularly convmcmg 

At first glance it is difficult to reconcile this conclusion with the observa- 
tion of previous mvestigators that acetic acid forms ketone bodies at a 
slower rate than the higher acids (11, 14) It is possible, however, that m 
these in vitro studies the absorption of acetic acid through the cell wall 
IS slow and is the limi ting factor m the rate of its transformation to the 
ketone bodies It is possible also that the 2-carbon mtermediary is not 
acetic acid itself, but a more active derivative, such as, for example, acetyl 

phosphate (20) 

In view of the possible r61e of acetic acid as an mtermediate m the 
synthesis of ketone bodies, suggested by this work, it is noteworthy that 
behnmger (21) has found an enzyme m muscle mmce and bacteria which 
catalyzes the reverse reaction, the breakdown of acetoacetic to acetic acid 

Other Possible Breakdown Pathways of Octanoic Acid Of the octanoic 
acid utfiized m these experiments only about one-fifth or less can be ac- 
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counted for by the formation of ketone bodies (Table I) The question 
arises, therefore, as to other possible breakdown products One possibihtj 
IS complete oxidation to CO 2 Ordmarily it is impossible to know what pro- 
portion of the respiratory CO- comes from the substrate and how much 
represents oxidation of tissue constituents With the aid of the carbon 
isotope, however, the COj ansmg from the substrate may readily be cal- 
culated In Experiment 4, for example, the fraction of the respiratorj 
CO- which would arise from complete oxidation of the octanoic acid 
amounts to 62 per cent (see the computation under respiratory CO.) 
Of the 0 161 mil of respiratory CO- obtamed 0 161 X 0 62 or 0 0998 came 
from the substrate Smce each mole of octanoic acid yields 8 moles of CO- 
upon complete oxidation, the 0 0998 mil of CO- represents the complete 
oxidation of 0 0998/8 = 0 0125 mil or only (0 0125 X 100)/0 309 = 4 0 
per cent of the total octanoic acid which disappeared Similar calculations 
for Experiments 2 and 3 give values of 4 7 and 4 0 per cent respectively 
Inasmuch as a portion of the respiratory CO- came from spontaneous de- 
carboxylation of the acetoacetic acid, the portion ansmg by oxidation is 
probably lower than the calculated values It is clear that only a small 
amount of octanoic acid was completely oxidized 

This conclusion is borne out by consideration of the oxygen consumed, 
which m each experiment was very much less than would be required if 
extensive oxidation of the octanoic acid had occurred The results suggest 
that octanoic acid may be catabohzed by some as yet unknown non-oxida- 
tive reaction, or its oxidation may be coupled mth a reductive process No 
products containmg C'’, other than the ketone bodies, have as yet been 
isolated from these experiments, but the mvestigation is contmumg 

SmiilARi 

1 When n-octanoic acid, labeled by the mcorporation of C“ m the car- 
boxyl group, was mcubated in mlro with hver shces from fasted rats, the re- 
sultant acetoacetic acid contamed the excess C“ equally distnbuted between 
the carbonyl and carboxyl carbon atoms The results offer uneqmvocal 
evidence that the ketone bodies are formed by condensation of a 2-carbon 
mtermediary resultmg from /3 oxidation of the fatty acid 

2 Although the nature of the 2-carbon mtermediary formed by /3 oxida- 
tion is unknown as yet, the most probable substance is acetic acid 

3 Only 20 to 25 per cent of the octanoic acid which disappeared could 
be accounted for either by ketone body formation or by complete oxidation 
to CO 2 

We express our thanks to Professor H C Urey for kmdly suppb mg u® 
with the isotopic sodium cyamde used m this study Our thanks are due 
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also to the Catalytic Development Corporation of Marcus Hook, Penn- 
sylvania, for its cooperation, and particularly for the use of the mass 
spectrometer for the C*’ analyses 
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THE USE OF LACTOBACILLUS FERMENTUM 36 FOR THIAMINE 

ASSAY* 

Br HERBERT P SARETT and VERNON H CHELDELIN 
{From the Department of Chemistry, Oregon State College, Conallis) 

(Received for publication, May 18, 1944) 

For the assay of thiamine several microbiological, chemical, and physical 
methods have been mtroduced 

The yeast fermentation method of Schultz, Atkin, and Frey (1) is limited 
m use by the special apparatus needed, the activity of the pyrimidme* 
moiety of thiamine, and the high blank fermentation value In the j east 
groivth method (2) the pyrimidine and thiazole halves of the thiaimne 
molecule are also stimulatory Phy corny ces blakesleeanus (3, 4) responds to 
pynimdine and thiazole when both are present, requires over 2 iveeks for 
assays, and is the least sensitive of the microbiological agents The use 
of Streptococcus sahvanus by Niven and Smiley (5) is not practical for 
routine assays because the organism is grown at pH 7 4, necessitating 
aseptic addition of all thiamine and sample solutions to the autoclaved 
tubes of medium 

Colorimetric chemical methods (6, 7) are not sensitive enough foi ma- 
terials of low potency and present difficulties m the removal of mterfermg 
substances The thiochrome method (8, 9) is also limited to higher con- 
centrations of thiamme for accurate results and ivith extieme care gives 
reproducible values In urines F2. a fluorescent metabolite of mcotinamide, 
may interfere with determmations by the thiochrome method (10) 

In the present commumcation a rapid microbiological method for thi- 
amine assay is proposed m which Lactobacillus fennentum 36^ is used The 
growth response is measured turbidimetncally after 16 to 18 hours Under 
the conditions of the test, pyrimidme and thiazole are not active either 

* Presented before the Division of Biological Chemistry at the 107th meeting of 
the American Chemical Society, Cleveland, Ohio 

Published with the approval of the Monographs Pubhcalion Committee, Oregon 
State College Research paper No 80, School of Science, Department of Chemistry 

This a ork n as supported by the Nutrition Foundation, Inc 

* In the present communication pyrimidine and thiazole refer to the halves of 
the thiamine molecule, 2 methyl-4 ammo 5 ethoxymethylpyrimidine, and 4 methyl- 
5 hydrosyethylthiazole, respectively We are indebted to Vitamins, Inc , Chicago, 
Rhnois, for a gift of these compounds 

^ This organism was obtained through the courtesy of Dr W H PetersonandDr E 
McCoy of the Umversity of Wisconsin Cultures may be obtained from the Ameri- 
can Type Culture Collection, Georgetown Umversity Medical School, Washington, 
D C , where it is listed as No 9338 
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alone, togethei, oi m the piesence of thiamine The oiganism shows a 
steep quantitative response in the presence of 0 005 to 0 04 7 of thiamine 
per tube (10 ml ) and can be used for assay of foods, tissues, uiines, and 
vitamin concentrates 


Method 

Lactobacillus fermenlum 36, uhich was isolated and desciibed by Stiles, 
Peterson, and Fred (11), is kept in stab cultures containing 1 pei cent 
glucose, 1 per cent Difco yeast extiact, and 2 per cent agai The stabs are 
incubated at 37“ until heavy giowth is obtained, 24 to 36 houis, and are 
then kept in the refiigerator Stock cultures are tiansferred every month 
Stabs foi dail\ use are prepaied similailv as needed The inoculum foi 


Tabli, I 
Basal Medium 


Alkali treated peptone (-1- 


Salt Solution B* 

10 ml 

sodium acetate) 

20 Km 

Riboflavin 

200 7 

Acid hydrolyzed vitamin free 


Calcium pantothenate 

200 ‘ 

cisein 

5 “ 

p Ammobenzoic acid 

200 " 

Glucose 

40 “ 

Nicotinic acid 

200 “ 

Sodium acetate, anhydrous 

12 “ 

Pyndoxine hydrochloride 

200 " 

Cystine 

200 mg 

Biotin 

08 “ 

Adenine sulfate 

20 “ 

Folic acidf 

0 5 “ 

Guanine hydrochloride 

20 “ 

Distilled water to 1 liter, pH 


Uracil 

20 “ 

6 5 


Salt Solution A* 

10 ml 




* Prepared according to Snell and Strong (12) 

fA folic acid concentrate was kindl> furnished b> Dr R J Williams of the 
University of Texas, and is used here in terms of 40,000 potency 


assay is always made fiom stab cultme, never by subculturing For this 
inoculum the oiganism is grown at 37° foi 16 to 24 houis, but not longei, 
in the basal medium to which 0 1 7 of thiamine and 5 mg of Difco yeast 
extract have been added 

The composition of the basal medium is shown in Table I The addi 
tion of thiamine alone enables Lactobacillus fermentum to grow as rapidlj' 
and as heavily as in the presence of yeast or hvei extracts 

The glucose and acetate concentrations of the medium (mcluding the 
acetate in the peptone prepaiation) aie equal to the larger amounts sug- 
gested foi Lactobacillus casei (13) and promote faster giowth The alkali- 
treated peptone (H) contributes markedlv to the lapid grow'th of this 
organism The use of untreated peptone gives higher blank gi ow th Sub- 
stitution of casein hydrolysate for the peptone permits only slow growth 
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However, casern hj droljsate is stimulatoiy m the presence of this maximal 
amount of peptone and is mcluded The casern is prepared by autoclavmg 
16 hours ^\uth 25 per cent sulfuric acid, removal of the sulfate uuth banum 
hydroxide, nont treatment at pH 3 (10 gm per 100 gm of casern), and sub- 
sequent neutralization 

Without punnes maximal growth is not obtamed with larger amounts of 
thiamme and the curve slopes olf above 0 03 7 per tube Adenme alone 
restores most of this additional growdh but the use of all three bases foi 
assaj's seems preferable Adenine, guamne, and uracil are kept in a solu- 
tion containmg 1 mg of each per ml , prepared bj' heating m the presence of 
hy drochlonc acid 

A similar situation exists with the vitamins in the basal medium Lacto- 
bacillus fermentiim requires only thiamine and pantothenic acid for good 
giowth The addition of riboflavm to these is stimulatory and, with 
p-aminobenzoic acid also included, the same 18 houi giowth curve is ob- 
tamed as with all the Mtamins showm How evei , assays of materials with 
a medium supplemented only wath pantothenic acid, riboflavin, and p-amino- 
benzoic acid give highei tluamine x allies than wath the complete medium 
and sometimes show a downwaid drift with larger assay samples 01 erratic 
recox'enes of added thiamme These difficulties aie not encountered when 
the complete medium is used A concentrated solution of the seven vit i- 
mins of the medium is kept m the refiigerator and renewed each week 

Other supplements which have been tiied but which were found to be 
unnecessary in the medium are asparagine, tiy ptophane, inositol, choline, 
and yaiious yeast and liver extiacts treated with sulfite or fullei-s’ earth 
The growth cm ve is not affected bv the preseni e of 5 01 10 mg of undigested 
starch per tube nor by' 50 01 100 7 amounts of steal ic acid, oleit acid, 01 
Wesson oil 

Assay Proceduie — Assays are tamed out m 20 X 150 mm lipless Py rex 
test-tubes The sample (at pH 6 5) in each tube is diluted (if necessary) 
to 5 ml yvath distilled water and 5 ml of the basal mediiuu (pH 6 5) shown 
in Table I are added to each A standard cuive, which is run every' time, 
contains 0 0, 0 005, 0 01, 0 015, 0 02, 0 03, 0 04, and 0 05 7 of thiamme 
hydrochloride per tube (10 ml ) Samples to be assay ed are usually' lun at 
four levels, 1 to 4 ml , containing appioximately' 0 005 to 0 01 7 of thiamme 
hydrochloride per ml All thiamme values in the present commumcation 
are m terms of thiamme hydiochlonde 

The tubes aie plugged and steamed at 100° for 15 minutes This steam- 
ing IS sufficient to keep the test free of contamination for the short time th 
it IS nm Steaming, m contrast to autocl iv mg at higher temperatuie, 
not darken the medium and decreases the possibihtv of any th 
destruction 
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After cooling, the tubes are inoculated with 1 drop of a dilute inoculum, 
prepared by addmg 0 05 ml of the 24 hour moculum (previously described) 
to 10 ml of stenle saline The set is incubated at 37° for 16 to 18 hours, 
then cooled in a refngerator for 15 minutes to stop growth, and the turbid- 
ity measured m any reliable photoelectnc colorimeter We have used a 
Pfaltz and Bauer instrument for which a 20 mm tube holder r\as built 
The turbidities are read n ith a 5400 A filter Math an unmoculated tube as a 
blank A typical standard curve for thiamine is shoivn m Fig 1 The 
turbidimetnc readings are given m terms of optical density which is equal 
to log 100 minus log per cent transmission 

The lower curve m Fig 1 is the growth obtamed aitli equal amounts of 
the pyrimidine and thiazole moieties at 18 hours ’ The presence of either 
or both of these substances at these levels does not change the standard 
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MICROGRAMS 


Fio 1 Grow th response of Loclobactllua fermentum to thiamine and derivatives 
Optical density as log 100 minus log per cent transmission (equals 2 — log GO 


curve for thiaimne or the response to biological evtracts m 18 hours In 
20 to 24 hours Lactobacillus fermentum starts to use these halves of the mole- 
cule, show mg from 5 to 10 per cent of the activity of thiamine, and m 40 to 
48 hours is usmg them almost as well as it does thiaimne This prevents 
the use of an assay by acid titration and necessitates turbidimetnc readings 
These readings are best after 16 to 18 hours of incubation at 37°, although 
the same assay results may be obtamed as early as 14 hours 
After 16 to 18 hours cocarboxjdase is about 30 per cent more active than 


* Occaaionally a culture shows 5 to 10 per cent activity with pyrimidine and 
thiazole in 18 hours This is checked in our laboratory by adding 0 05 v each of 
pyrimidine and thiazole to a tube containing 0 01 y of thiamine and companng the 
growth obtained Wfith that for 0 01 y of thiamine of the standard curve This change 
in response may occur if the inoculum is too concentrated or if the stab is not fully 
grown, in which case the stab is discarded and a new one made from stock 
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equimolecular amouuts of thiamine, although both compounds are equally 
stimulatory after 24 hours of incubation 
Preparalion of Sa7nples for Assay — ^For complete extraction of thiamine 
from foods and tissues and conversion of cocarboxylase to free thiamine it 
has been found necessary to digest the samples enzymatically 1 gm of 
the finely ground or blended sample is digested under benzene for 16 to 24 
hours with 20 mg each of papain and taka-diastase in 40 ml of 0 5 per cent 
acetate buffer, pH 4 5 (15) The digest is then steamed, diluted to 50 ml , 
filtered with the aid of Cehte, and the pH adjusted to 6 5 to 6 6 For 


Table II 


Thiamine Analyses and Recoveries 


Matenal 

Sample 

Thiamme 

found 

Thiamine Mr 
gm or ml 

Recovery 


mg^ 

7 

7 

per cent 

White flour, un- 

10 

0 0080 

0 80 


enriched 

20 

0 0165 

0 83 



30 

0 0243 

0 81 



40 

0 0320 

0 80 



10 -f 0 01 7 thiamme 

0 0178 


98 


20 -1- 0 01 “ 

0 0260 


95 

Dehydrated 

2 5 

0 0060 

24 


pork 

5 0 

0 0140 

28 



7 5 

0 0210 

28 



10 0 

0 0280 

28 



2 5 + 0 01 7 thiamine 

0 0170 


110 


6 0 + 0 01 “ 

0 0230 


90 


ml 




Unne, 24 hr 

0 067 

0 0062 

0 093 


eample, 1500 

0 133 

0 0136 

0 102 


ml 

0 20 

0 0204 

0 102 



0 267 

0 0256 

0 097 



0 067 -1- 0 01 7 thianune 

0 0170 


108 


0 133 -1- 0 01 “ 

0 0233 


97 


analjfsis an aliquot is then diluted so that 1 ml contains 0 005 to 0 01 t of 
thianune Extracts prepared m this manner are usually clear and color- 
less For slightly turbid or colored extracts an umnoculated tube contain- 
ing the largest amount of the diluted sample can be used to obtam a blan 
correction for the “top” tube Simple division of this optical density gives 
blank correction values for the other tubes of the sample 
Table II contains the values and recovenes of added thiamme for three 
ividely different samples There is good agreement at the four levels as- 
sayed and good recovenes of the added vitarmn The addition of 0 01 7 o 
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thiamine hydrochlonde in a similai manner to twelve other biological 
matenals has given recoveries of 101 ± 8 per cent 
The values obtained for some materials are the same whethei the sample 
IS enzj'matically digested oi steamed with 0 1 n H 2SO4 foi 30 minutes In 
others the extraction is not complete wthout enzymes The thiamine in 
dehydrated foods, yeasts, etc , is particularly difficult to extract com- 
pletely Samples of this n ituie aie therefore steamed wnth 0 1 n H SO4 foi 
30 minutes, neutralized to pH 4 5, and digested with enzvmes os above 


Table 111 

Comparaliic Thiamine Assays 


Material 

Lactobaedtus 

/ermenlum 

j Other methods (units per gra ) 


y per gm 

y \ 


Cereal Product 1 

6 9 

7 0 

Thiochrome* 

“ “ 2 

10 3 

10 5 

(( * 

Dehydrated pork j 

28 0 

28 6 

H * 

Dried yeaat j 

640 

700 

Yeast fermentation 




and thiochromef 

White flour, unenriched [ 

0 74 

0 78 

Thiochromef 

Toasted cereal 

1 89 

1 65 

“ t 

Wheat germ extract 

131 

137 

“ § 



160 

Melniok-Fieldl 


mg pergm 

mg 


Dried yeast “ 

0 92 

0 94 

Thiochrome§ 

Fortified liver “ 

62 

8 1 

1 

Melnick Field§ 


We are indebted for the above samples and analyses by other methods to (*) Dr 
C A Elvehjein, University of Wisconsin, (t) Dr C N Erey, The Fleischniann Labo 
ratones, (t) Dr J & Andrews General Mills, Inc , and (§) Dr A D Emmett, 
Parhe, Davis and Company 

Values for uiines are almost the same whethei enzymatically digested 01 
merely analyzed after the proper dilution In general recoveries of added 
thiamine are moie consistent if the simples iie digested first 

Results 

In Table III thiamine values obtained with Laclobacillus fermenlum aic 
compared to those obtamed with othei assay methods Samples which 
had been analy zed by yeast fermentation, thiochrome, and chemical meth- 
ods m other laboratones w ei e kindly given to us for analysis by Lactobaallus 
fermenlum In most cases the values agree closely The values by the 
Melnick-Field method (6) appeal high compared both to thiochrome 
and to Lactobacillus fermenlum 

The t biniVnn e values for some foods, tissues, etc , which have been 
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analyzed by use of LaclobaciUus ferincnium are shown in Table IV These 
values are in geneial agreement with figures in the literature for similar 
samples Recoveries of thiamine added to some of these matenals were 
previously shown in Table II 


Table IV 

Thiamine Assaya by Lactobacillus fermentum 


Matenal 

Thiamue 
per gm 

Material 

Thiamme 
per gra 

Rat liver j 

y 

7 3 

White bread, unenriched 

y 

0 47 

“ muscle 

1 5 

“ rolls, enriched 

1 85 

Hamster liver 

3 5 

Egg 


“ muscle 1 

1 0 

Ham 

7 6, 7 6 

Orange juice* 

0 9 

Sausage, pork 

6 4, 5 5 

Tomato “ 

0 35 

Veal loaf 


Corn 

0 23 



Potatoes 

0 5, 0 6 

Hamburger j 



* Orange juice and the other foods are samples obtained from restaurants 


SUMMARY 

A microbiological assay pioceduie foi thiamine is pioposed, based on the 
growth response of LaclobaciUus fermentum to thiamine In 16 to 18 hours 
heavj'' gioivth is obtamed with 0 005 to 0 04 7 of thumine, but theie is no 
lesponse to similai amounts of the “pyrimidine” and “thiazole” halves of 
the thiamine molecule eithei alone or togethei 01 m the presence of thiamme 
or biological extracts Cocai boxylase is about 30 pei cent moi e activ e than 
equimolecular amounts of thiamme 

For assay purposes enzymatic digestion of all samples is lecommended 
foi complete extraction and conversion of cocarboxylase to thiamme 

Good agreement of thiamine values of samples assayed at different levels 
and good lecoveiies of added thiamme have been obtained for manv biologi- 
cal materials including foods, animal tissues, and unne 
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THE ALLANTOIN CONTENT OF BLOOD 

Br A A CHRISTMAN, PHYLLIS W FOSTER, and MARIE B ESTERER 
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Ann Arbor) 

(Received for publication. May 31, 1914) 

Although allantom is considered to be the end-product ot punne metabo- 
lism m most mammals except the higher Primates, there are few values m 
the hterature for the allantom content of the blood of such animals If 
the values obtamed by Hunter (1) for the allantom content of beef and 
hog blood (0 78 and 0 58 mg per 100 cc , respectively) by an isolation 
procedure are approximately correct, it is obvious that many of the earher 
methods employed for urme analysis would not be sufficiently sensitive 
for the determmation of allantom m blood 

'Fosse and coworkers (2-4) gave a new impetus to the study of allantom 
methods by the apphcation of the Rimmi-Schiyver color reaction for 
formaldehyde to glyoxyhc acid which is formed by the hydrolysis of allan- 
tom The glyoxyhc acid is coupled with phenylhydrazme and the hydra- 
zone IS oxidized m a strongly acid medium with potassium ferricyanide to 
produce a colored oxidation product, which is measured colorimetrically 
Allantom is hydrolyzed by the allantomase of soy bean meal to allantoic 
acid, which by hydrolysis with acid gives urea and glyoxyhc acid 
Young and Conway (5) have greatly simplified the procedure of Fosse 
and coworkers by the substitution of a short hydrolysis with weak alkali 
at 100° for the tedious enzyme hydrolysis These workers have also 
reexammed the optimum conditions for the acid hydrolysis of the al- 
lantoic acid to glyoxyhc acid and the oxidation of the phenylhydra- 
zone of this compound In agreement with Borsook (6) it was found that 
the oxidation should be carried out at low temperatures to obtam the best 
results Young and Conway apphed the method to the determmation of 
allantom m urme and were able to use the direct vision colorimeter for 
the colonmetnc measurements More recently (1944) Young and coworkers 
(7) have apphed their procedure to the determmation of allantom m blood, 
using either a direct vision or a photoelectric colorimeter 
In 1942, Esterer (8) m this laboratory apphed the general techmque 
described above to the determmation of allantom m amounts rangmg from 
2 5 to 25 7 per 5 cc of solution This was made possible by the use of 
the Evelyn photoelectric colorimeter Filter 520 was found to transmit 
hght which was strongly absorbed by the famt pmk color produced m the 
final step of the procedure The time for the maximum color formation 
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and the rate of fading vaned somewhat from that noted by Young and 
Conway for higher concentrations of allantom To obtam accurate re- 
sults it was necessary to set up a very carefully timed schedule, so that 
the colors could be read at a defimte time mterval after the addition of the 
femcyamde 

Both Borsook (6) and Young and Conway (5) earned out the oxidation 
of the phenylhydrazone after coolmg the tubes contammg the glyoxylic 
acid and phenylhydiazme to —10° In our hands it was found difficult to 
mamtam this temperature exactly m different experiments In some cases 
the contents of the tube froze duimg the coolmg period, and thus delayed 
the time at which the femcyamde was added F or this reason, the procedure 
was modified to the extent that the temperature was adjusted to 0° rather 
than to — 10° Although the color produced per umt of allantom is shghtly 
less by this modification of the method, it w as also noted that the rate at 
which the color faded was not as rapid as that obtained at lower tempera- 
tures Over a range of 2 5 to 25 -y of allantom, the absorption of hght by 
the colored oxidation product was m accordance with the Beer-Lambert 
law 

Rabbit blood, deprotemized with tungstic acid, was analyzed by the 
above procedure and values from 1 to 2 mg of allantom per 100 cc of 
blood were obtained Recoveries of added aUantom ranged from 99 to 102 
per cent It was noted, however, that following the alkahne hydrolysis 
the tungstic acid filtrates of some of the bloods had a faint brown color 
which was not obtained with pure allantom solutions Smce this sug- 
gested the presence m the blood filtrate of some interfermg substance or 
substances, a study of such compounds was made by Foster (9) durmg the 
summer of 1943 Young and Conway have recorded a number of sub- 
stances which give mterfermg colors Smce their work was concerned 
with the allantom content of unne, which could be diluted 25 to 50 times 
pnor to the analysis, it was thought advisable to check the mterference of 
some compounds, the content of w’hich m proportion to the allantom might 
be greater m blood than in urme Glucose was one of the compounds 
listed by Yoimg and Conway w hich did not mterfere with the detemunation, 
although a synthetic urme which contamed glucose gave a higher value 
for allantom than a similar urme from which glucose was omitted In the 
present work it was found that if 500 7 of glucose were carried through 
the procedure for allantom, a color equivalent to 1 7 of allantom was ob- 
tamed Smce 5 cc of the tungstic acid filtrate of most bloods will contam 
between 400 and 600 7 of glucose, and m most cases less than 10 7 of 
allantom, the color contnbuted by glucose will be a considerable percentage 
of the total color 

Bnc acid was found by Young and Conway to give approximately one- 
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eighth of the color given by an equivalent amount of allantom By our 
procedure, 1 mg of uric acid gives approximately one-third of the color 
given by 1 mg of allantom, while ergothioneme, which is present in 
considerable amounts m some animal bloods, gives one-twentieth of the 
color given by allantom The analyses of solutions contammg both 
allantom and uric acid or allantom and ergothioneme mdicate that the 
colors which are produced are additive It is possible therefore to correct 
for the presence of unc acid and ergothioneme m blood filtrates if the 
amounts of these substances are known 

Ascorbic acid, pyruvic acid, creatme, or creatmme, m the amounts 
which would be present m blood, does not mterfere with the method 

Reagents — 

1 0 5n sodium hydroxide and 0 5 Nhydiochlonc acid Slight variation 
from the above normality is permissible provided the two solutions are 
equivalent 

2 Phenylhydrazme hydiochlonde solution (0 33 per cent) 83 mg of 
the salt which has been recrystalhzed from alcohol until it is colorless are 
dissolved m 25 cc of distilled water This solution should be colorless 
and may be used over a penod of 5 to 6 hours if it is kept m an ice bath 
out of direct light 

3 Potassium ferricyanide (1 64 per cent) 416 mg of the salt (reagent 
quality) are dissolved in 25 cc of water A fresh solution must be made 
each day 

4 10 N hydrOchlonc acid 

5 25 per cent suspension ot yeast cells Two or three yeast cakes 
(Fleischmann’s bakers’ yeast) aie suspended m 200 cc of distilled water 
and transferred to centrifuge tubes After centiifugation the milky super- 
natant fimd IS discarded and the cells resuspended m distilled water and 
agam centrifuged This process is lepeated seveial times until the super- 
natant liqmd IS perfectly clear Foi use, 1 gm of u ashed cells is suspended 
m 3 cc of distilled water Enough yeast may be washed for 10 days work, 
hut the suspension must be kept in the ice box and the cells rewashed daily, 
until the supernatant hquid is cleai Usually one oi tvo washings are 
sufficient after the mitial washmg 

Method 

Allantom prepared by oxidation of unc acid was recrystalhzed several 
times The final product had a melting point of 224°, nitrogen content of 
35 3 per cent, and contamed less than 0 1 per cent uric acid as an impurity 
Solutions of this material contaimng 2 5 to 25 7 of allantom per 5 cc ere 
used to estabhsh the constant K used m the determinations of allantom m 
tungstic acid filtrates of blood 
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The steps m the procedure are as follows (1) In each of four test-tubes 
(15 X 150 mm ), graduated at 13 5 cc , are placed 5 cc of allantom solu- 
tion 5 cc of distilled water are placed m a fifth tube (2) 1 cc of 0 5 N 
NaOH IS added to each tube and after mixmg the tubes are immersed m a 
boilmg water bath for exactly 7 imnutes (3) The tubes are then placed 
m a water bath at 18° for 3 minutes (4) To each tube are added 1 3 cc 
of 0 5 N HCl and 1 cc of the phenylhydrazme solution The contents of 
the tube are again mixed by rotation (5) The tubes are now immersed m 
a boding water bath for exactly 2 minutes and at the end of this time are 
immediately placed m an ice bath of sufficient size to insure the rapid 
coohng of the tubes to 0° The tubes are allowed to remam m the bath for 
5 to 10 imnutes The remamder of the procedure should be earned out 
m close proximity to the colonmeter m order that the color evaluation may 
be made at a defimte mterval after the addition of the potassium fern- 
cyanide (6) To the first tube (water blank) add 4 cc of 10 n hydrocblonc 
acid that has been previously chilled to 0° The time at which the hydro 
chlonc acid is added to the blank tube is recorded as zero time (preferably 
on a stop-watch) At the ^ mmute mterval, the tube is removed from the 
ice bath and at the 1 mmute interval 1 cc of the ferricyanide solution is 
added to this tube The volume of fluid m the tube is then adjusted to 
13 5 cc mth distilled water and after mixmg by mversion the tube is placed 
m a water bath at 20° At the 2 mmute mterval, hydrocblonc acid is 
added to the second tube and the process is repeated The fifth tube of 
the senes will thus receive the acid at the 8 mmute interval and the fern- 
cyanide at the 9 mmute mterval As soon as the fifth tube can be diluted 
to volume (usually 10 mmutes, counting from zero tune), the contents of 
the first tube (water blank) are transferred to a dry, clean colonmeter tube 
The tube is placed in the colonmeter (Filter 520) and the transmission ad- 
justed to 100 When the blank tube is lemoved, the galvanometer read- 
mg usually falls to 73- or 73’ (center settmg) Smee the light transmitted 
through the blank tube changes shghtly durmg the 10 to 20 mmute mterval 
during which the remainmg tubes are read in the colonmeter, it is advisable 
to readjust the colonmeter to the center setting if there is any tendency 
for the galvanometer reading to drift durmg this penod The remaimng 
tubes are placed m the mstrument and the maximum absorption recorded 
Usually this value is obtained m the penod of 8 to 11 mmutes after the 
ferncyamde has been added 

By this procedure the K values for a senes of concentrations of allantom 
rangmgfrom2 5to257per5cc of solution were 0 0317 ± 0 0004 K=LIC, 
where L = 2 — log galvanometer reading, and C — the micrograms of 
allantom per 5 cc of solution The lowest K values were found for the 
weaker concentrations of allantom 
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Comments on Procedure 

Since the volumes of the various reagents used m the method are rela- 
tively small, studies ivere made to deteimme whether slight variations in 
the measurement of these solutions would lead to a significant difference m 
the final color value The results mdicated that small differences m the 
volume of the 0 5 n alkah or acid did not affect the final color intensity 
The color intensity can be measuiably decreased or mcreased, however, if 
the volume of phenylhydrazme solution vanes by more than 0 1 cc from 
that recommended 

In the directions given by Young and Conway, 3 cc of concentrated 
hydrochlonc acid were recommended to provide the acid reaction suitable 
for the oxidation of the phenyUiydiazone In the course of our studies it 
was found that the color intensity from a given quantity of allantom was 
greater if 3 cc of concentrated hydrochloric acid containmg 38 per cent 
acid were used as compared to 3 cc of 35 per cent hydrochloric acid To 
avoid this source of error, 4 cc of 10 n hydrochlonc acid are recommended in 
the present method Although the final acidity produced by the addition of 
4 cc of 10 N hydrochloric acid is greater than that due to 3 cc of concentrated 
hydrochlonc acid (11 to 12 n), the color mtensity from a given amount of 
allantom can be further mcreased by the use of 4 5 or 5 0 cc of the 10 N 
acid The mcrease m color mtensity is not sufificient to compensate for a 
more rapid rate of color development, followed by a more rapid rate of 
fadmg The measurement of 4 cc of 10 n hydrochloric acid should be 
accurate to withm 0 1 cc 

It should also be noted that although the penod of hydrolj’'sis with alkah 
could be extended from 7 mmutes to 8 mmutes,and the period of acid 
hydrolysis mcreased from 2 to 2§ mmutes without a further mcrease m 
color mtensity, a decrease m these hydrolysis periods of more than 15 
seconds will lead to low results 

Determination of Allantom in Blood 

To 1 volume of blood are added 5 volumes of distilled water and 1 volume 
of washed yeast cells Incubate at room temperature for 10 mmutes 
Water, 10 per cent sodium timgstate, and § n sulfuric acid are now added 
to give a total of 10 volumes, and the solution is filtered When 5 cc of 
blood were used, 6 cc of the 10 per cent sodium tungstate and 6 cc of the 
3 N HjSOi were used instead of 5 cc portions of these reagents in order to 
insure the complete precipitation of the protem of both the blood and the 
yeast cells 5 cc portions of the tungstic acid filtrate are used for the 
analysis of allantom as described above 

To determme whether the method of deprotemization and removal of 
glucose with yeast lead to a loss of allantom, experiments were made ivith a 



166 


ALLANTOm IN BLOOD 


20 per cent protein solution prepared from dried egg albumin 5 cc por- 
tions of this solution were deproteimzed ivith tungstic acid m the usual 
manner The analysis of the resultmg filtrate for allantom gave a blank 
value equivalent to 1 6 7 of allantom per 5 cc of filtrate Allantom added 
to a second portion of the protem prior to deprotemization was quantitatively 
accounted for after the deduction of this blank Incubation of additional 
portions of the protem solution with the yeast cells with or without the 
addition of allantom mdicated that, the yeast cells did not add mterfermg 
matenals to the filtrate or destroy any of the allantom Glucose added 
to 5 cc of the protem solution m amounts 2 and 3 times as great as 
that found m an equal volume of blood was completely removed by 5 cc 
of the yeast cell suspension durmg the 10 mmutes incubation penod at 
room temperature Similar experiments made with animal bloods mdi- 
cated that the removal of glucose by treatment with yeast did not mter- 
fere with the determination of allantom and that allantom added to such 
bloods could be quantitatively recovered K one wished to assume that 
most bloods contam approximately 100 mg of glucose per 100 cc , a cor- 
rection factor of 0 2 mg of allantom per 100 cc of blood could be deducted 
and thus eliminate the treatment with yeast cells As will be seen from 
Table I, such a correction woidd represent a large percentage of the total 
allantom of some bloods 

Smce unc acid and ergothioueme mterfere ivith the method for allantom, 
a proceduie for deprotemization which would lemove these substances 
without loss of allantom w ould be desirable Depiotemization by tungstic 
acid does not remove uric acid and ergothioneme, but these latter sub- 
stances can be removed W'hen blood is deprotemized wath alkahne solutions 
of zmc, copper, cadmium, or iron salts Unfortunately, all of these alka- 
hne precipitatmg reagents proved unsatisfactory, smce either part of the 
allantom w as lost or undesirable turbidities appeared at some step m the 
subsequent allantom analysis 

Smce these difficulties could not be overcome, the deprotemization by 
tungstic acid was adopted, and the total “allantom color’’ obtamed on a 
5 cc portion of this filtrate Corrections are then apphed for the color 
contributed by ergothioneme and uric acid It will be noted m Table I 
that m some bloods these corrections are relatively large and in other 
bloods relatively small Unc acid was determmed by the isolation pro- 
cedure of Tohn (10), and ergothioneme by the method of Behre and 
Benedict (11) 

Smce the present study was not concerned primarily with the ergo- 
thioneme content of blood but wnth the ergothioneme content of the tungstic 
acid filtrate of blood, molybdic acid as the protem precipitant, as recom- 
mended by Benedict, w as not used The ergothioneme values m the paper 
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must therefore be considered as minimal if Benedict’s observation that part 
of the ergothioneme is lost by tungstic acid deprotemization (11) is correct 
Table II illustrates the recovery of allantom added to blood of various 
animals In every case the allantom was added prior to deprotemization 
m such an amount that 5 cc of the tungstic acid filtrate would contam 
10 7 of added allantom The ongmal allantom content given m the 
second column would mclude uric acid and ergothioneme as well as allan- 


Table I 

Allaniom Contenl of Various Bloods 

All values are expressed as mg per 100 cc of blood The figures m parentheses 
give the range of values for individual animals 


Animal* 

*3 

g 

c 

C9 

•s 

O 

Total allantom 
color 

Uric acid 

Ergotbioneme 

Corrected aUantomf 



mg 

mg 

mg 

mg 

Cow 

6 

2 93 (2 74-3 27) 

0 79 (0 61-0 87) 

1 2 

2 61 (2 39-2 93) 

Calf 

6 

2 39 (1 83-3 53) 

0 66 (0 52-0 87) 

1 2 

2 11 (1 59-3 22) 

Sheep 

5 

2 07 (1 52-2 51) 


3 8 (2 5- 5 6) 

1 80 (1 25-2 31) 

Rahbitt 

5 

1 79 (1 29-2 17) 

0 23. (0 18-0 28) 

8 7 (6 1-10 0) 

1 28 (0 93-1 71) 

“ § 

2 


0 22 (0 19-0 24) 

3 0 (2 9- 3 1) 

2 77 (2 44r-3 10) 

Dog 

6 

1 58 (1 35-1 81) 

0 24 (0 19-0 38) 

13 8 (8 3-18 2) 

0 81 (0 38-1 30) 

Ratll 

6 

2 07 (1 63-2 48) 


20 

1 15 (0 89-1 67) 

“ ^ 

7 



2 0 

1 28 (0 85-1 65) 

Hog 

7 



7 6 (5 9-11 2) 

0 33 (0 06-0 62) 


* For analyses of horse, chicken, and human blood, consult the text 
t The sum of one third of the uric acid content plus one twentieth of the ergo 
thioneine content has been subtracted from the values in the third column, to give 
the figures in this column 
t These were albino rabbits 

§ These rabbits were white and black Both groups of rabbits were fed ad Itbtlum 
on the same diet A second analysis on the blood of the black and white rabbits 
gave values of 4 37 and 3 24 mg of allantom (corrected) per 100 cc of blood 
II Rats in this group w ere on a high protein diet (30 per cent casein) 

1 Rats in this group were on a low protein diet (5 per cent casein) 

tom for most of the bloods In the case of the chicken and human blood 
the value given is probably due entirely to substances other than allantom 
In Table I this value is given m the thnd column as “total allantom color 
The recoveries of added allantom range from 98 to 106 per cent, ivith an 
average value of 102 per cent If the recoveries from chicken and human 
blood are omitted, the average recovery is approximately 101 per cent 
It will be noted m Table II that allantom added to horse, chicken, and 
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human blood could be quantitatively recovered, but allantom values for 
these bloods do not appear in Table I It was not expected that human or 
chicken blood would contam allantom but it was somewhat surpnsmg to 
find that after the total allantom value for whole horse blood was corrected 
for ergothioneme and unc acid a negative value for allantom was ob- 
tamed The total allantom (range, 0 43 to 0 84 mg , average, 0 59 mg ) 
for the horse blood is lower than foi any of the animals recorded m Table I 
Since the average uric acid of horse blood uas 0 35 mg per 100 cc , the 
correction for this constituent was relatively small The ergothioneme 

Table II 

Recovery of 10 y of Allanloin Added to Whole Blood 


All values are expressed os nucrograms per 5 cc of tungstic acid filtrate 


Animat 

Original 

Total 

Recovery 

Cow 1 

13 8 

24 2 

per cent 

104 

“ 2 

14 8 

24 9 

101 

Sheep 1 

7 6 

17 9 

103 

" 2 

10 0 

20 0 

lOO 

Rabbit 1 

6 5 

16 6 

101 

•' 2 

10 6 

20 9 

103 

Dog 1 

6 8 

1 16 6 

98 

“ 2 

9 0 

19 0 

lOO 

Horse 1* 

2 4 

12 6 

102 

“ 2 

2 2 

12 3 

101 

Chicken 1* 

3 0 

13 3 

103 

" 2 

3 3 

13 7 

104 

Man I* 

4 2 

14 8 

106 

“ 2 

4 2 

14 6 

104 


* The greater part of the color obtained by the method vhen horse blood is an 
alyzed probably is due to the presence of uric acid and ergothioneme All of the 
color obtained from human and chicken blood can be explained by their content of 
these two substances 

values, however, are the highest obtamed for any species of blood, rangmg 
from 12 to 21 mg per 100 cc It seems possible that some substance other 
than ergothioneme is mcluded m this fraction and thus a correction for 
aUantoin is bemg applied that is too high Evidence for this view was ob- 
tained by the analysis of horse blood plasma The plasmas of tuo of the 
SIX horse bloods uere found to contam 0 69 and 0 87 mg of allantom per 
100 cc , after a correction was applied for the small amount of knoivn mter- 
fenng materials contamed m the plasma Fosse and coworkers (12) re- 
ported 1 28 mg of allantom per 100 cc of horse serum 

The total allantom color obtained m human and chicken blood can in 
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most cases be accounted for by the content of unc acid These bloods also 
contam a small amount of ergothioneme and, after the correction for this 
substance is added to that for unc acid, a negative value for allantom is 
obtamed The reason for these negative results is unexplamed It is 
possible that the unc acid values are high or that the mterferenee of unc 
acid and ergothioneme is not quantitatively the same m a blood filtrate as 
m pure solution 

In the analyses recorded in Table I, the correetion for unc acid is rela- 
tively unimportant except m the case of beef and rat blood Benedict 
and coworkers (13, 14) have shown that beef blood contams combmed unc 
acid as well as some free unc acid The combined unc acid is not precipi- 
tated with ammomacal magnesia mixture, but no data are available con- 
cernmg its precipitation by the acid silver lactate reagent of Folm Some 
comment may be made on the high unc acid content of rat blood Blauch 
and Koch (15) have pomted out that the unc acid content of freshly drawn 
rat blood is low but rapidly mcreases on standmg The tungstic acid 
filtrates m the present work were prepared immediately after a group of 
rats (six or seven) were killed Some of the bloods were probably not de- 
protemized for 1 to 1^ hours after withdrawal, while others were deprotem- 
ized withm 30 nunutes The level of unc acid found, honever, does not 
closely parallel the periods of standmg at laboratory temperatuie Re- 
gardless of the unc acid content, the corrected allantom values are as con- 
sistent as those for any othei ammal studied The allantom of the blood 
of rats on a high protein diet was essentially the same as for those on a low 
protein diet 

Little comment is necessary concermng the results recorded m Table I 
For the herbivorous animals, the level of allantom m blood is only slightly 
loiver than the unc acid level of human blood, if the unc acid analyses are 
made by methods w'hich give the true unc acid The only allantom 
figures recorded m the literature to which these lesults can be compared 
are those of Young and coworkers (7), and Fosse and coworkers (12) 
The former found from 0 82 to 1 11 mg of allantom per 100 cc of dog blood 
and somewhat less than half of this amount in the blood of the Dalmatian 
coach hound The blood of three cats contamed 1 09, 2 4, and 3 17 mg of 
allantom per 100 cc The values for dog blood are somewhat higher than 
our corrected values The blood of one cat was analyzed m the present 
study, before the mterferenee of unc acid, glucose, and ergothioneme was 
appreciated, and a value of 2 0 mg per 100 cc of blood was obtained Un- 
fortunately, cats were not available when the later studies were made 

Fosse and coworkers (12) analyzed the serum rather than the whole 
blood of various animals and the results expressed as mg per 100 cc of 
serum, with the number of animals given m parentheses, are as follows 
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COWS (six) 1 07 to 2 22, calves (five) 1 54 to 2 65, horse (one) 1 28, sheep 
(one) 1 92, hogs (three) 1 24 to 1 83 The values for cattle and sheep 
agree fairly veil with corrected values for the whole blood of these animals 
The hog serum values are distmctly higher than those obtamed by us on 
whole blood The two horse plasmas which were analyzed by us have a 
somewhat lower content of allantom than the 1 28 mg reported in Fosse’s 
work 

Smce it appears that the work on this problem must be suspended for an 
mdefinite penod, several questions of mterest must remain unanswered 
The higher levels of allantom noted m the blood of two black and white 
rabbits (Table I) as compared with pure albmo rabbits should receive 
further study It would also be of mterest to study the distnbution of 
allantom between the plasma and red blood cells of the various species of 
animals A method wluch would permit the quantitative separation of 
allantom from other blood constituents pnor to the analysis would be 
desirable Preliminary attempts to remove allantom as the mercunc salt 
from tungstic acid filtrates gave values for allantom which were from 60 
to 70 per cent of the corrected values given in the present paper 

SUMMARY 

A method for the determmation of allantom m blood is described The 
method depends upon the formation of glyoxylic acid by the hydrolyse of 
allantom The color obtamed by the oxidation of the glyoxyhc acid 
phenylhydrazone with ferncyanide in strongly acid medium is estimated 
m a photoelectnc colorimeter 

Glucose, unc acid, and ergothioneme are constituents of blood which 
are known to mterfere with the method Glucose is removed by yeast 
treatment pnor to deproteimzation, and corrections are applied for the 
presence of unc acid and ergothioneme 

Values for the allantom content of 50 blood samples which mclude beef, 
sheep, rabbit, dog, rat, and hog blood are presented Of this group the 
lowest content of allantom was found m hog blood (0 33 mg per 100 cc ), 
while the highest content was consistently found m adult beef blood (2 61 
mg per 100 cc of blood) 

We wish to express our indebtedness to the Horace H Hackham School of 
Graduate Studies for financial assistance given durmg the course of this 
work We also gratefully acknowledge the cooperation of Dr C F Huff- 
man, and Dr C W Duncan of Michigan State College for their assistance 
m obtammg many of the animal bloods used m this study Thanks are 
also due to Dr W M Cahill of Wayne University Medical School for a 
sample of pure ergothioneme 
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THE MEASUREMENT OF ARGINASE ACTIVITY 

Bt ANDREW HUNTER and CLARENCE E DOWNS 

(From the Department of Pathological Chemistry, University of Toronto, Toronto, 

Canada) 

(Received for publication, June 1, 1944) 

The chief object of this paper is to present certain improvements m 
Hunter and Dauphmee’s method (1) for the measurement of argmase 
activity Incidentally we describe a procedure for the concentration and 
partial purification of argmase, and report some observations upon its 
activation by cobalt 

In prmciple the method of Hunter and Dauphmee consisted m determm- 
mg the amount of urea produced by a known volume of the argmase-con- 
tammg solution actmg, for a given time and under certain defined cond^ 
tions, upon a known quantity of argmme, and referring this to a standard 
curve showmg the empirically asceii;amed relation between urea production 
(under the chosen conditions) and quantity of enzyme The same pnn- 
oiple had been used already by Edlbacher and Rothler (2) 

Contmued use of the method has revealed certain defects m the ongmal 
prescription (a) No care was taken to provide that, whether m the prepa- 
ration of the reference curve or m the testmg of an unknoivn, the volume o 
the enzjnne-substrate mixture (and therefore the concentration o t e 
argmme) should be always the same (h) The action of the enzyme was 
measured m a phosphate mixture at a pH (8 4) at which the buffermg e ec 
of phosphate is very shght (c) The unit of argmase activity was ® ® 

from a pomt of the reference curve so near the ongm that its exact oc^ ion 
was largely guesswork (d) The crude jack bean extract, emjfioye ^ a 
source of urease, contamed itself, as subsequently discovered by e er 
man and Perkins (3,4), enough argmase to mtroduce an apprecia e error 

into the determmation , , 

Revismg the method m the hght of these considerations we ave o 
adopted for all argmme-buffer-argmase mixtures a uniform volume ot , 
ivith a final argmme concentration of 0 02225 M, (b) substRute or p os 
phate a phosphate-phenolsulfonate imxture of the same pH ^ ® 

total buffer concentiation, (c) redefined our argmase unit, an ( , 

the excess of crude jack bean extract origmally employed y 
but not unnecessarily large amount of a partially punfie ure^e 
addition we have thought it advisable (e) to purify to some ^ en 
argmase used m the construction of the standard curve an \J) 
vate it fully with cobalt 
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Buffer Solution — ^The buffer solution now used has the following com- 
position 0 5 m sodium p-phenolsulfonate 50 ml , m KH2PO4 25 ml , 

2 N NaOH 15 6 ml , water to 100 ml This solution is 0 5 M m total buffer 
concentration, and has a pH of 8 4 

Unit of Arginase Actimly — ^The umt of argmase activity we now define 
as one-tenth of that amount of argmase, which, under standard conditions 
(as defined later), hberates urea equivalent to 2 5 mg of mtrogen Upon 
the curve relatmg enzyme quantity to action (Fig 1) the accurate location 
of the 2 5 mg pomt presents no difficulty On the ongmal curve of 
Hunter and Dauphmee (1) this pomt, as it happens, corresponds to exactly 
10 umts of argmase We have satisfied ourselves that the change m com- 
position of the buffer is without appreciable effect upon the activity of the 
enzyme The new and more precise method of defimng the unit leaves 
its magmtude, therefore, unaltered 

Preparation of Suitable Urease Solution — ^The preparation of a urease 
absolutely devoid of argimnolytic properties appears to be a difficult 
matter, but the foUowmg procedure wiU usually give a product smtable 
enoughforthe purposem view Jack bean meal, 100 gm , is extracted with 
500 ml of water, and the centrifuged extiact is treated with 8 volumes of 
acetone The precipitate is collected by centrifugation, dried over H^04, 
and ground to a fine powder This is agam extracted, this time with 
400 ml of water, and the processes of precipitation, drying, and grmdmg 
are repeated, to yield finally 20 to 25 gm of powder For use 0 5 gm of 
this powder is dissolved m 100 ml of 60 per cent glycerol 1 ml of this 
solution should decompose m 1 hour at room temperature urea eqmvalent 
to 9 to 10 mg of mtrogen Comcidental action upon argmme should be 
neghgible To test the lattei pomt we determine the amount of ammonia 
mtrogen liberated durmg 1 hour at room temperature by the action of 1 ml 
of the urease solution upon a mixture of 2 ml of buffer solution, 5 ml of 

3 per cent argmme hydrochloride solution, and 1 ml of 0 04 per cent cobalt 
nitrate Although this mixture contams 4 times the standard amount of 
argmme, the yield of a mm onia mtrogen ought not to exceed 0 02 mg By 
way of contrast it may be reported that 1 ml of a crude urease solution, 
prepared accordmg to the directions of Schmidt (5), has been found to yield 
under s imil ar conditions as much as 0 4 mg 

Preparation of Partly Purified Arginase Concentrate-~The enzyme solu- 
tion used m preparmg the ongmal standard cm ve of reference was a suitably 
diluted crude hver extract We have replaced this by a solution contaimng 
a smaller proportion of inert matenal, and, with other purposes m view, 
we find it convement to combme partial punfication ivith concentration 
A fresh baby beef hver is dramed as completely as possible of blood, and 
mmced 1 kilo of the moist product is stirred for 10 mmutes with 1 hter 
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of water The mixture is transferred to a flask, submerged m a bath of 
water at 65°, and stirred gently until the mass reaches a uniform temperature 
of 58° After being maintained at this temperature for 5 nunutes, the 
mixture is rapidly cooled and centrifuged A measured volume, say 800 
ml , of the supernatant is tieated with 1 2 volumes of acetone The 
resulting flocculent piecipitate is separated as qmckly as possible by cen- 
trifugation, and dramed of adherent liquid It is then taken up m 400 
ml (0 5 volume) of watei , and stirred or shaken until as much as possible 
has gone into solution Undissolved material is removed by centrifuga- 
tion, and the clear supernatant is mixed with 1 2 times its volume of acetone 
Agam the nuxtuie is rapidly centrifuged, the second acetone precipitate is 
treated like the first, and its clarified solution is subjectefkj^to a tlmd pre- 
cipitation The thud precipitate is centrifuged off anc^^ansfeired to a 
vacuum desiccatoi The desiccator is evacuated step by step, until all 
the acetone and most of the water have been evaporated The residual 
waxy paste is then giound up thoroughlj^ with 75 per cent glycerol in one- 
tenth of the initial volume (80 ml ) The turbid reddish brown solution 
thus obtained will contain at least half of the aigmase onginally present, 
so that the concentiation of the enzyme will have been increased 5 tunes 
or more Different preparations have contained, after full activation by 
cobalt, from 500 to 900 or more umts pei ml The degree of purification 
attainable may be exemphfied by one instance, in which the number of 
argmase umts per mg of N rose from 21 in the cmde liver extract up to 73 
in the final product 

A concentrate prepared m the way described and preserved at 10° will 
letam its original activity almost unimpaired foi a year Diluted with 
water it foims a milky suspension from which there gradually separates a 
moie or less copious flocculent precipitate of water-msoluble protem This 
precipitate carries down wnth it a part of the enzyme, so that the clear 
supernatant is only 85 to 90 pei cent as active as the whole suspension 
On the other hand the supernatant has a slightly higher ratio of argmase 
to nitrogen 

Activation of Argmase Solutions — ^The activity of argmase solutions oi 
suspensions prepared from liver is increased by treatment with certam 
metals, such as manganese (6) or cobalt (3, 4, 7) This activation, like 
that of mtestinal peptidase by manganese (8), is a time reaction This is 
shown by such experiments as the two recorded m Table I 

In Ex^periment 1, 0 3 ml of an argmase concentrate was mixed with 

14 ml of w’ater at 37° The dilute suspension was divided into two^equal 

portions, A and B, each of which was thenceforward kept at 37 To 
Portion B was added 0 05 ml of a 2 per cent solution of anhydrous cobal- 
tous nitrate As soon thereafter as possible the first actmty determma- 
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tions were started -with 1 ml portions, first of Portion A and then of Portion 
B Other deterimnations were commenced 10, 20, 60, and 180 mmutes 
later The technique of these determinations was that prescnbed later, 
and mvolved an action penod of 30 mmutes 
Experiment 2 differed in that the original diluted suspension (not the 
same as that of Expenment 1) was centnfuged, and only the supernatant 
solution was treated with cobalt Such treatment, it may be noted, leads 
to the gradual formation, m the origmally clear imxture, of a fairly bulky 
precipitate A part of the total active enzyme is adsorbed on, or otherwise 
incorporated m, this precipitate The activities recorded in the present 
expenments are those of the whole mixture, precipitate mcluded 


Table I 

Influence of Time on Acltvalion of Arginase by Cobalt at S7° 





Portion A without cobalt 

Portion B with cobalt 

Expert 

Nature of argm 
ase preparatioa 








ment 

No 

activity 

determina 

tion 

UreaN 

found 

Activity 

indicated 

Apparent 
change m 
activity 

UreaN 

found 

Activity 

mdicatra 

Apparent 
change in 
activity 



mtn 

mi 

umis per 
ml 

per cent 

mt 


per cent 

1 

Suspension 

3 

2 033 

7 1 


2 424 

III 

4-32 4 



13 

2 033 

7 1 


2 568 


+46 4 



23 

1 996 

6 9 

-2 8 

2 704 

11 4 

Ksiin 



63 

1 976 

6 8 

-4 3 

2 874 

12 85 




183 

1 866 

6 2 

-12 7 

3 013 

14 1 

+98 5 

2 

Supernatant 

3 

2 063 

7 3 


2 369 

9 1 

+24 7 



18 

2 026 

7 05 

-3 4 

2 623 

10 8 




63 

1 967 

6 8 

-6 8 

2 818 

12 4 

+69 8 



183 

1 902 

6 4 

-12 4 

3 011 

14 1 



The time mtervals, as given m Table I, are reckoned from the instant 
at which cobalt was added to Portion B of the enzyme solution They 
define only the moments of samphng The measured activities cannot be 
taken as the actual activities at these precise moments, for it can hardly 
be doubted that activation (or mactivation), unless already maximal, pro- 
gressed appreciably durmg the 30 mmutes required for each deternunation 
This mherent ambiguity does not affect the general conclusions to be 
drawn from the data, (1) that m the absence of cobalt the diluted enzyme 
IS gradually destroyed, and (2) that m the presence of the metal its activity 
progressively mcreases Independent observations of similar import, but 
with manganese as activator, have been made by Archibald^ at the Hospital 
of the Rockefeller Institute Dr Archibald found that at 50° maximal 
activation is attamed m as httle as 20 minutes This we have smce ascer- 
tamed to be true for cobalt activation also Evidence to that effect will 

1 Archibald, R M , private communication 
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be found in Table II, which incorporates the results of various experiments 
m which different dilutions of one argmase concentrate (the same as that 
of Table I) were exposed to the action of cobalt for various tunes at 20°, 
37°, or 50° In these experiments (the first mth Preparation 4 excepted) 
the concentration of cobalt was 2 5 times greater than in the previous ones 
From the results it appears that at 20° maximal activation requires more 
than 48 hours, at 37° more than 3 but not more than 24 hours, and at 50° 
not more than 20 uunutes It is also shoivn that the activated enzyme, m 


Table II 

Cobalt Acltvalion of Argmase at Various Temperatures 


Temperature 

Diluted argmase preparatioa 

Time with 
cobalt 
at given 
temperature 

Activity 

Increase of 
actiNity 

Preparation 

No 

Mature 

Initial 

\Mthout 

cobalt 

With 

cobalt 

C 



Jirs 

unifr per tnl 

untfs per ml 

per cent 

20 

3 

Supernatant 

24 

6 8 

12 6 

85 


3 

it 

48 

6 8 

13 3 

96 

37 

3 

it 

3 

6 S 

14 0 

106 


4 

Suspension 

3 

7 3 

15 0 

105 


4 

a 

3 

7 3 

15 4 

111 


3 

Supernatant 

24 

6 8 

14 9 

119 




mm 




SO 

3 

it 

20 

6 8 

15 1 

122 


3 

it 

20* 

6 8 

15 3 

125 


5 

tt 

20 

7 35 

16 3 

122 


5 

Suspension 

20 

8 25 

18 5 

124 


6 

Supernatant 

20 

7 1 

15 7 

121 


7 

it 

20 

6 75 

15 0 

122 


7 

it 

30 

6 75 

15 0 

122 


7 

ii 

40 

6 75 

14 9 

121 


* Followed by 24 hours at 37“ 


contrast ivith the unactivated, is very stable, withstanding ivithout loss 
exposure to 50° for 20 minutes more or to 37° foi 24 hours 
We have mentioned already that, when a clear centrifuged solution of 
argmase is treated ivith cobalt, a part of the enzyme is precipitated m 
active form At 50° this part amounts, we find, to 20 to 30 per cent of the 
total activated enzyme Thus, for example, 5 ml portions of the three 
cobalt-treated mixtures which appear last in Table II (with total actunties 
of 15 0, 15 0, and 14 9 umts per ml ) were centrifuged, and the precipitate 
m each case (not wholly free from adherent hquid) was redispersed in 
5 ml of 0 05 per cent cobalt mtrate The activities of the supernatants 
were then found to be respectively 11 1, 11 15i H ® umts per ml , those 
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of the precipitates 4 6, 4 05, 4 3 units per ml It will be seen that the whole 
activity was recovered m the sum of the tw o fractions, and that, m this 
instance, the proportion remaimng m solution was 74 per cent In other 
instances it has been as high as 80 and as low as 71 per cent 

Preparation of Diluted and Activated Arginase Solution — For the con- 
struction of the standard reference curve one requires an arginase solution 
contammg from 16 to 20 umts of enzyme per ml , that is to say, a solution, 
of which 1 ml , actmg under standard conditions (as defined later) upon a 
standard amount of argmme, wdl liberate between 3 25 and 3 5 mg of 
urea mtrogen Such a solution is obtained by appropriate dilution of any 
glycerol concentrate If the potency of the latter and its behavior upon 
activation are unknoum, the dilution reqmred, which may vary betaeen 
15- and 40-fold, will have to be ascertamed by tnal The process of dilu- 
tion IS conveniently combmed with that of activation For the latter we 
have adopted the conditions recommended by Archibald ' The procedure 
13 accordmgly as follows 

1 ml of the concentrate is mixed with the reqmred amount of water 
A 5 per cent solution of anhydrous cobalt mtrate is added at the rate of 
006 ml for each 10 mi ofthemuvtuxe Tins is enough to insure maximum 
activation and an optimum concentration of cobalt in the final digest 
The mixture is now set m a water bath at 50° and left there for 20 minutes 
The flocculent precipitate, which separates, is centrifuged off, and only 
the clear, practically colorless supernatant is made use of This may be 
only 60 to 70 per cent as active as the uncentnfuged mixture, for the 
centrifuge removes not only the ongmally suspended arginase (10 to 15 
per cent of the whole) but also that precipitated by cobalt (20 to 30 per 
cent of the remainder) The homogeneity of the product is an obvious 
counterbalancmg advantage It may be added that centrifugation re- 
moves not only active enz 3 mie but also some mert mtrogenous material, 
for m the final supernatant the ratio of argmase to nitrogen is greater than 
m the origmal concentrate In one instance it rose from 52 to 64 units 
per mg of nitrogen, and m another it even reached 100 

Construction of Standard Reference Curve 

Reagents — 

Dilute argmase solution, as described m the preceding section 

Argmme hydrochloride, 1 875 per cent solution m the 0 5 m phosphate- 
phenolsulfonate buffer mixture of pH 8 4 already described 2 ml of this 
solution contam 9 975 mg of mtrogen and will yield therefore a maximum 
of almost 5 mg of urea mtrogen 

Urease solution, 0 5 per cent m 60 per cent glycerol The preparation 
of, and specifications for, this solution have been given earher 
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Hydrochloric acid and sodium hydroxide solutions, each about 2 n 
Phenol red mdicatoi solution, 0 05 per cent 

Standard acid, standard alkali, and mdicator as required for the micro- 
titiimetric determmation of ammoma 
Procedure — Into each of ten Van Slyke-Cullen urea tubes are measured 
2 ml of the buffered argmme solution To these tubes, numbered con- 
secutively, there are further added 5 9, 5 8, 51, and 5 0 ml of water 

Into an ordmary test-tube are put a few ml of the argmase solution All 
the tubes are then set m a thermostat at 37° 

When the tubes have reached the temperature of the bath, 0 1 ml of 
the argmase solution is transferred to Tube 1, the contents are rapidly 
mixed, and the time is noted To Tubes 2 to 10 there are added m the 
same way at exactly measured convement intervals 0 2, 0 3, 0 9, and 

1 0 ml respectively of argmase It ^viU be remarked that the total volume 
of each completed mixture is the same, namely 8 ml The concentration 
of argmme m each is 0 02225 m 

To each tube m turn, about 29 mmutes after the addition of the argmase, 
there is added a diop of phenol red indicator Exactly upon the 30th 
mmute the tube is removed from the thermostat, and treated wth as many 
drops of 2 N HCl as are requued to turn the mdicator bright yellow 
The action of the argmase havmg been thus mhibited, the contents of the 
tube are boiled, until the protem present has been completely coagulated 
The tubes havmg been cooled, each is treated drop by drop with 2 N 
NaOH, sufficient to give a just perceptibly pmk color (pH about 6 8) 
To each is added finally 1 ml of the urease solution This is allowed to 
act at loom temperature for 1 hour, and the urea determinations are com- 
pleted 111 the usual way The results are to be corrected by a control, m 
vhich a mixture of 2 ml of argimne-buffer solution and 6 ml of water, 
adjusted to a pH of about 6 8, is treated with urease m the same way as the 
prmcipal mixtures 

A graphical representation of the results enables one to estimate the 
volume of argmase solution, which would give exactly 2 5 mg of urea 
nitrogen This volume contains, by definition, 10 units of the enz 3 Tne 
On this basis the ml of argmase solution are translated mto units of 
argmase The final reference curve is plotted accordmgly, wnth mg of 
urea nitrogen as ordmates and argmase umts as abscissae The curve 
thus obtamed is reproduced m Fig 1 In spite of the many extra precau- 
tions taken m its preparation, it differs but little from the ongmal curve of 
Hunter and Dauphinee 

In the mterest of accuracy it is best to restrict the use of the curve to 
the part between 1 25 and 3 mg of mtrogen (3 5 to 14 units) of argmase 
With higher yields of mtrogen the flattenmg out of the curve mcreases e 
sigmficance m argmase umts of any given error m the urea determmation 
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With lower yields the same absolute error becomes an unduly large frac- 
tion of the true value 

Measurement of Arginase Activity — The reagents required are those 
listed m the precedmg section, with the exception, of course, of the dilute 
argmase solution The place of the latter is taken by the solution of which 
the activity is to be determined This will usually have to be diluted 
For fresh liver extracts a 10-fold dilution will generally be about nght, for 
concentrates a 20-fold or even a 100-fold dilution may be necessary The 
correct proportion can be ascertamed only by trial 

The procedure is as follows Into one urea tube are measured 2 ml of the 
argmme-buffer solution, mto another, servmg as a control, 2 ml of plam 



Pig 1 Standard reference curve for measurement of arginase activ ty 

buffer solution To each there are added 5 ml of water Both tubes are 
then set in the thermostat at 37“, along with a test-tube contammg some 
of the solution of which the argmase activity is to be tested 
As soon as it is certain that the tubes have attained the temperature of 
the bath, 1 ml of the enzyme solution is transferred (a) to the arginine 
tube and (6) to the control The time of each addition is noted From 
this pomt both tubes are treated m the manner described m the precedmg 
section, so that the contents of each are acidified and boiled exactly 30 
mmutes after the addition of the enzyme, then neutralised, and submitted 
to a urea determmation The mam result, corrected by the control, 
should fall between 1 25 and 3 mg of urea mtrogen If it is outside these 
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linuts the process should be repeated mth a more appropnate dilution of 
the ongmal enzyme solution When an acceptable result is obtamed, it 
IS referred to the standard curve, from which one may read directly the 
number of arginase units in the 1 ml of diluted enzyme solution used 

SUMMARY 

Details are given of an improved method for the measurement of arginase 
activity 

A procedure is described for the concentration and partial purification 
of liver argmase 

The activation of argmase by cobalt is shoivn to be a time reaction 

BIBLIOGRAPHY 

1 Hunter, A , and Vaupluaee, J A ,J Btol Chem , 85, 627 (1929-30) 

2 Edlbacher, S , and Rothler, H , Z physiol Chem , 146, 69 (1925) 

3 Hellerman, L , and Perkins, ME,/ Biol Chem , 112, 175 (1935-36) 

4 Stock, C C , Perkins, M E , and Hellerman, L , / Biol Chem , 125, 753 (1938) 

5 Schmidt, EG,/ Btol Chem , 78, 53 (1928) 

6 IClein, G , and Ziese, TV , Khn Wochschr , 14, 205 (1935) 

7 Hellerman, L , and Stock, C C , / Btol Chem , 125, 771 (1938) 

8 Smith, E , and Bergmann, M , / Btol Chem , 138, 789 (1941) 




THE DIRECT DETERMINATION OF VALINE AND LEUCINE 
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Very limited information is available at the present time on the quanti- 
tative amounts of the essential aliphatic ammo acids in various dietary 
constituents Smce the reports of Rose el al (1 , 2) on the qualitative re- 
quirements for eight ammo acids, there has been much mterest m the re- 
mvestigation of the ammo acid composition of protems Chemical 
methods have not usually been satisfactory for determmmg the ammo 
acid content of foods directly, smce the fat and carbohydrate present 
mterfere with the chemical methods employed 

The use of Laclohacillus arafnnosus in our laboratory as a test organism 
for vitamm analyses prompted us to investigate the adaptabihty of this 
organism to the ammo acid analysis of foods Methods of hydrolysis of 
ammal tissues have been studied and it has been found that the leucme 
and valme content of the hydrolysates can be determined directly 

EXPERTOENTAI. 

The composition of the basal medium and the amounts of each constitu- 
ent per tube are shown, m Table I Glucose, sodium acetate, and the 
ammo acids are weighed out separately for each series of determinations 
The other mgredients of the medium are kept as stock solutions preserved 
under toluene, m a refrigerator, when not m use The folloivmg solutions 
are prepared as suggested by Snell and Wright (3) adenme, guanme, and 
uracil solution, riboflavm solution, and morganic salts. Solutions A and B 
The biotm (free acid) solution is adjusted with distilled water to a concen- 
tration of 0 1 7 per cc The thiamme, calcium pantothenate, and pyri- 
donne solution is prepared by dissolvmg the vitamins m distilled water 
and ddutmg to a concentration of 100 7 of each per cc of solution Nico- 
tinic acid and p ammobenzoic acid solutions are prepared in a similar 
manner Stock solutions of leucine and valme standards are prepared 
separately at a concentration of 1 mg per cc in distilled water 

The procedure for preparing the basal medium for leucme or valme assay 

* Pubhshed inth the approval of the Director of the Wisconsin Agncultural E\- 
penment Station Supported in part by a grant from the National Live Stock and 
Neat Board 
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IS as follows Approximately 100 cc of distilled water are added to the 
correct amounts of the ammo acids, the mixture is -warmed, and a small 
amount of 2 n hydrochloric acid is added to effect solution After this 
solution IS cooled, appropriate amounts of each of the other constituents 
are added After neutrahzation (bromothymol blue mdicator) the entire 
medium is adjusted to volume, for example to 500 cc for 100 tubes, so 
that 5 cc of medium are added to each assay tube For the construction 
of the standard curve 0, 0 5, 1 0, 1 5, 2 0, 2 5, 3 0, 4 0, and 5 0 cc of ammo 
acid standard solution are used per tube Tnphcate determmations are 


Table I 

Basal Medium for Valine and Leucine- Assay with Lactobacillus ardbinosus 


Constituent 

Amount i 
per tube 

Constituent 

Amount 
per tube 


gm 


Olf 

Glucose 

0 2 

2 (+) Glutamic acid 

4 

Sodium acetate 

0 2 

2 Asparagine 

4 

1 

y 

2 (+)-Lysine monohydro- 


Thiamine chloride 

2 

chlonde 

2 

Ca pantothenate 

2 

dl Threomne 

2 

Pyndoxine 

2 

dl Valine* 

2 

Riboflann 

4 

d 2 -IsoIeucine 

2 

Niootimc acid 

2 

dl-a Alamne » 

2 

p-Aminobenzoic acid 

1 

H~) Cystine 

1 

Biotin 

0 002 

2 (— ) Leucine* 

1 

Ademne, guamne, uracil 

See text 

dl Methiomne 

1 

Inorganic salts | 


d 2 -Phenylalamne 

l{+) Argimne monohydro- 

I 



chlonde 

2 ( 4 -) Histidine monohydro 

0 5 



chlonde 

0 5 



2 (— )-Tyrosine 

0 4 



2 (— ) Tryptophane 

0 4 


The amino acids were purchased from Merck and Company, Inc 
* Appropriate ammo acid omitted from the basal medium 


made at the six lower levels and duphcate determmations at the three 
higher levels of ammo acid Assay tubes for these standards are prepared 
each time from the stock solutions described above, these bemg prepared 
at a concentration of 25 7 per cc for Meucme and 50 7 per cc for dl-valme 
Duphcate tubes at three levels of hydrolysate concentration are used 
loutmely The volume of medium m each tube is adjusted to 10 cc by 
the addition of distilled water The tubes are plugged ivith cotton, auto- 
claved for 10 to 15 mmutes at 15 pounds pressure, and cooled 
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To prepare the inoculum, a tianafer of Lactobacillus ardbinosus is made 
from the stock culture (groivn on yeast-de\trose-agar) to a tube of pre- 
viously prepared medium After mcubation for 18 to 36 hours at 37°, the 
cells are centrifuged doivn and the liquid is decanted The cells are sus- 
pended m approximately 10 cc of isotomc sahne solution, and the assay 
tubes are inoculated aseptically with a drop of the sahne suspension The 
tubes are mcubated at 37° for 72 hours and the growth response is measured 
by titratmg the entire contents of each tube with 0 1 n sodium hydroxide, 
bromothymol blue bemg employed as the mdicator Typical standard 
curves for leucme and valme are shown m Figs 1 and 2 
The animal tissues used for ammo acid analysis i\ere prepared by 
thorough grmdmg and mixmg to assure homogeneity The samples were 



Fio 1 Fio 2 

PiQ 1 Typical standard curve obtained for dJ-valine 
PiQ 2 Typical standard curve obtained for J-leucine 


then stored m dark colored bottles m a cold room at —4° The percentage 
of mtrogen m the samples was determmed m duphcate by the Kjeldahl 
method and the protem content of the tissues was calculated by multipl 3 nng 

by 6 25 

A detailed study of hydrolysis methods was earned out to establish a 
suitable procedure to give ma xim um liberation of the ammo acids The 
effect of acid concentration and length of time of hydrolysis was mvesti- 
gated In each case a 1 gm sample of fresh tissue was hydrolyzed with 
25 cc of reagent After hydrolysis the samples were adjusted to a known 
volume, filtered, and a smtable ahquot was neutrahzed and diluted to 
100 cc preparatory to amin o acid analysis 

Treatment with hydrochloric acid resulted m more rapid hydrolysis than 
'"Tth sulfunc acid at the same normahty, a result which is m agreement 
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■With the i\ork of Vickery (4) on purified proteins The effect of time of 
hydrolysis on the amounts of leucme and valme hberated is shoira m 
Fig 3 The folloivang hydrolysis procedures i\ ere found to give satisfactory 
results autocla'vmg at 15 pounds pressure per sq m for 5 to 10 hours 
with 2 N hydrochlonc acid, refluxing for 24 hours uuth 2 or 4 n hydrochlonc 



Fig 3 Effect of time of hj drolysis of a sample of fresh veal tissue autoclaved inth 
2 N HCl at 15 pounds pressure per aq in Curve 1 , the amount of leucine liberated, 
expressed as the per cent of leucine m the fresh tissue, Curve 2, the amount of valine 
hberated, expressed as the per cent of valine in the fresh tissue 

Table II 

Leucine and Valine Content of Fresh Muscle and Organ Tissue and Muscle and Organ 

Tissue Protein 


All values are given in per cent 


Tissue 

No of 
samples 

ProtcJD 

Valme 
m fre^ 
tissue 

VallDClQ 

protem 

Ltueme 
m fresh 
tissue 

Leucme m 
protem 

Pork 

4 

15 1 

IBI 

5 3 

1 09 

7 3 

Veal 

5 

21 0 

119 

5 3 

1 54 

7 3 

Lamb 

6 

17 7 

warn 

4 8 

1 44 

8 1 

Beef 

2 

19 1 


5 0 

1 47 

7 7 

“ liver 

2 

19 9 

1 23 

6 2 

1 67 

8 4 

“ kidney 

2 

14 6 

0 78 

5 3 

1 15 

7 9 

“ heart 

1 

16 1 

1 01 

6 3 

1 35 

8 4 

“ brain 

2 


0 61 

4 8 

0 79 

7 4 

“ tongue 

1 

16 0 

0 79 

4 9 

1 23 

7 7 


acid, and refluxmg for 24 hours with 5 n sulfunc acid Autocla'vmg for 
5 hours with 2 N hydrochlonc acid was used for all subsequent assays 
Shorter penods of refluxmg uere not mvestigated Recovenes of added 
leucme and valme were employed to check the stabihty of these ammo 
acids dunng the hydrolysis procedures 
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The percentage of Meucme and Z-valme m se\eral samples of poik, veal, 
lamb, and beef tissues has been determined The results in each case are 
calculated on the basis of 100 per cent activity for the I isomer and 0 per 
cent for the d isomer, ^ e , 50 per cent for the dl rmxture These results 
are sho\\’n in Table II 


DISCUSSION 

The constituents of the basal medium, except foi the ammo acids, are 
similar to those used by Snell and Wright (3) save for an mcrease m the 
glucose and sodium acetate content (Krehl ct al (5)) Adenme, guanine, 
uracil, and the inorganic salts are added m the concentrations suggested 
by Snell and Wright, but the vitamin levels have been mcreased m some 
cases The ammo acid mixture is similar to that reported by Shankman 

(6) No attempt was made to establish the exact levels of all of the ammo 
acids which are necessary to support maximum growth It vill be noted 
that slight differences occur in the ammo acid composition of the basal 
media used by various workers Variations m the purity of the ammo 
acids used, or differences m strains of Lactobacillus arabmosus, may account 
for differences m the ammo acid requirements reported for this organism 

The maximum growth obtained wnth Lactobacillus arabmosus on the 
synthetic medium used m this work is similar to that obtained on a casein 
hydrolysate when tryptophane and cystme are added The curves ob- 
tained for leucine and valme are similar to those reported by Kuiken tt al 

(7) Similar microbiological procedures have been reported by Shankman 
(6), Hegsted (8), and McMahan and Snell (9) Senne and prolme were 
added to the basal medium and no mcrease m titrations w'as observed 
These ammo acids were accordingly omitted from the basal medium 

Excellent checks were obtamed at different levels of sample regardless of 
the portion of the standard curve represented by the titrations obtamed 
A few representative assays are showm m Table III Duplicate analyses 
usually checked within 5 per cent and all values were checked within 10 
per cent Recoveries of valme and leucme were carried out with the 
earlier expenmental w ork on hydrolysLs and occasionally wath later assays 
Twenty determinations of the recovery of valme averaged 101 per cent, 
range, 87 to 112 per cent and twelve for the recov^ery of leucme averaged 
103 per cent, range 94 to 118 per cent 

In prehminary work a df-leucme standard was used Comparisons of 
different samples of dZ-leucme showed that a variation m actmty was ob- 
tamed A sample of Z-leucme and three different dZ-leucine standards 
"ere compared, the dl isomers were found to have from 33 to 41 per cent 
activity rather than the theoretical 50 per cent activity Smce three 
samples of dZ-leucme exhibited less than 50 per cent activity as compared 
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DETERMINATION OF VALINE AND LEUCINE 


to the J isomer, each sample was tested for moisture by drymg it over 
phosphorus pentoxide for 6 hours at 100°, and 0 1 mm pressure No 
detectable loss m weight occurred The I isomer and a new dMeucme 
sample gave identical standard curves, therefore, no further attempt was 
made to find out why the older dl isomers were less than 50 per cent as 
active as the I isomer It is very hkely that they were contammated Math 
other ammo acids, as has been observed by Hegsted and Wardwell (10) 
A di-vahne standard was used throughout the experimental work and 
three di-vahne standards were found to possess the same activity for 


Table HI 

Detailed Analysts of Animal Tissues 



/ Valine 

1 Leucine 

Sample 

Hydroly 

sate 

per tube 

Titration 

(0 1 N 

NaOH) 

Calculated 

1 t vahne 

1 per tube 

Valioe m 
sample 

Hydroly 

sate 

per tube 

Titration 

(0 1 N 

NaOH) j 

Calculated 

i leucme 
per tube 

I^cue 
in sample 


ml 


1 7 

per cent 

mi 

mi ' 

7 

per cent 

Beef round 

1 


li 5 

0 97 

1 

4 5 

19 0 

1 27 


1 


14 0 

0 94 

1 

4 7 

EH 

in 


2 

5 6 

29 0 

0 97 

2 

7 4 

HI 

lEI 


2 


28 0 

0 94 

2 

7 5 

44 0 ' 

Ha 


3 


43 0 

0 95 

3 

9 6 

59 0 

1 31 


3 


44 0 

0 98 ’ 

1 

3 

9 4 

57 0 

1 26 

Average 

mm 


mm 

0 96 




1 36 

Beef liver 

B 

3 7 

ESi 

1 06 

B 

5 1 

23 0 

1 53 



3 8 


1 13 


5 3 

25 0 



2 

6 0 

32 0 

1 06 

2 

8 5 

63 0 


1 

2 

6 2 1 

33 0 

1 10 

2 

8 5 

53 0 



3 

8 1 

49 0 

1 09 

3 

11 1 

85 0 

1 88 


3 

7 9 

48 0 

1 06 

3 

10 6 

78 0 

1 73 

Average 




1 08 




1 72 


LactolaciUus arabinosus A sample of f-vahne* and the dl standard were 
compared and the dl isomer was found to have 50 per cent activity, 
therefore, aU values for i-valme were calculated on the basis of 50 per cent 
activity for the dl mixture These observations suggest that dl isomers, 
when used as standards, should be checked against the pure I isomer when- 
ever possible m experimental work of this type 

The results m Fig 3 show that very rapid mcreases m the amoimts of 
leucme and valme hberated occur durmg the first 2 hours of hydrolysis 
under the conditions used Shght additional mcreases were observed m 

1 Kmdly supplied by Merok and Company, Inc 
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the penod from 2 hours to 5 hours, but no further change occurred m 10 
hours of autoclavmg Similar hydrolysis studies have been reported with 
punfied protem hydrolysates by Hess and Sulhvan (11), Vickery (4), and 
McMahan and Snell (9) Kuiken et al (7) and Hegsted (8) refluxed pro- 
tem samples ivith 5 n sulfuric acid and 6 n hydrochlonc acid, respectively, 
for 24 hours No mention was made as to cntena for completeness of 
hydrolysis, but these procedures should give satisfactory results 

The adaptabihty of nucrobiological methods to the determmation of 
ammo acids m fresh tissues greatly simplifies ammo acid determmations 
Furthermore, the results are obtamed on the foods directly, and the amounts 
of leucme and valme m the crude matenal need not be calculated from 
ammo acid values obtamed on isolated proteins as has customarily been 
done when chemical methods of analysis are employed The possibihty 
that some ammo acids are lost when the water-soluble mtrogenous con- 
stituents are discarded is also elimmated The water-soluble fraction ob- 
tamed m the preparation of meat protem has been estimated by Beach 
et al (12) to contam from 8 to 14 per cent of the total mtrogen 

Prelimmary results mdicate that satisfactory results are obtamed when 
leucme and valme are determmed directly on cereal and legume hydrol- 
ysates Hydrolysis of the crude matenal may not be apphcable to the 
satisfactoiy determmation of some of the other ammo acids The neces- 
sity of studies of the conditions of hydrolysis used m developmg adequate 
procedures for the deter min ation of ammo acids m crude materials cannot 
be overemphasized 

The values obtamed for valme are somewhat higher than those reported 
by Block and BoUmg (13), who employed chemical methods of determma- 
tion They report 0 7 per cent valme m fresh meat (calculated from 
protem analysis) and 3 4 per cent valme m the muscle protem, whereas we 
found an average of 0 93 per cent valme m fresh beef, veal, lamb, and pork 
muscle and 5 1 per cent m the muscle protem The amount of leucme 
reported by Block and BoUmg was 2 4 per cent m fresh meat and 12 1 per 
cent m the muscle protem In this case our results were lower, smce an 
average of 1 4 per cent leucme was found m the muscle tissue and 7 6 per 
cent m the muscle protem It can readily be seen (Table II) that the per- 
centage of valme and leucme m the fresh tissues vanes ivith the protem 
content, but the ammo acid composition of the protem is relatively con- 
stant This has also been shown to be true for several other ammo acids 
by Beach etoZ (12) 

Punfied casern was also mvestigated and Table IV presents a comparison 
of the results together with values from the hterature Smce more ex- 
tensive information is available for casern than for most other proteins, a 
cntical comparison can be made of the results obtamed by several workers 
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DETERMINATION OF VAUNE AND LEUCINE 


It IS recognized that the analyses were made on different samples of casein, 
however, the wide vanations emphasize the importance of proper standard- 
ization of hydrolysis procedures and methods of ammo acid analysis 

Table IV 


Leucine and Valine Conlenl of Casein 


Aiaiao acid 

Method of analysis 

Results 

Reference 

Leucme 

Chemical 

fcr cent 

9 7 

Foreman (14) 

(t 

44 

9 35 

Van Slyke (15) 

(i 

“ 

10 5 

Abderhalden (16) 

<4 

44 

14 8 

Block and Bolling (17) 

14 

Microbiological 

9 6 

Present work 

it 

44 

9 27 

Kuiken el al (7) 

44 

<4 

7 36 

Hegated (8) 

Valine 

Chemical 

7 93 

Foreman (14) 

44 

41 

5 2 

Block and Bolling (17) 

« 

Microbiological 

6 2 

Present work 

44 

44 

6 25 

Kuiken ct al (7) 

44 

44 

6 6 

McMahan and Snell (9) 

<4 

44 

5 0 

Hegsted (8) 


SUMJURY 

Satisfactory standard curves are obtained for leucme and valine on a 
synthetic ammo acid medium when LaclobanUus arabinosus is used as the 
test organism 

Results of hydrolysis studies show that fresh muscle tissues can be 
hydrolyzed directly for leucme and valine analysis ivithout prelimmary 
removal of fat, moisture, and w'ater-soluble constituents 

Satisfactory hydrolysis of animal tissues was obtamed by autoclaving 
wnth 2 N HCl for 5 to 10 hours 

Fresh muscle tissues contam an average of 0 93 per cent vahne and 1 4 
per cent leucme Muscle and organ tissue proteins contam an average 
of 5 3 pel cent vahne and 7 7 per cent leucme 
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MECHANISM OF PRODUCTION OF VITAMIN K DEFICIENCY IN 
RATS BY SULFONAMIDES 


By ARTHUR KORNBERG, FLOYD SHELTON DAFT, and W H 
SEBRELL 

{From the Division of Physiology, National Institute of Health, Bethesda, Maryland) 
(Received for publication, May 29, 1944) 

The use of suEonamides m purified diets of rats has resulted in the pro- 
duction of vitamin deficiencies The first identified deficiency thus mduced 
was that of vitamm K produced by sulfaguamdme and succmyl sulfa- 
thiazole and was reported by Black et al (1) It was plausible to postulate 
that this deficiency was a result of the inhibition by the sulfonamides of 
bacterial synthesis of vitamin K m the mtestmal tract It is known that 
tohform organisms produce vitamm K tn vitro (2) and that the feces of rats 
on a vitamm K-free ration contam vitamm K (3) Sulfaguamdme and 
succmyl suKathiazole reduce the coMorm count m the feces of rats (4) 
p-Ammobenzoic acid, which antagomzes sulfonamide bactenostasis, was 
also shown to prevent the production of vitamm IC deficiency by sulfa- 
guamdme (1) 

Recently other data (5, 6) have been reported which support this hypo- 
thesis of sulfonamide inhibition of mtestmal bactenal synthesis of vitamm 
K We (5) have shown that sulfapyrazme, sulfadiazme, and sulfathiazole 
are more effective than sulfaguamdme, succmyl sulfathiazole, and sulfa- 
nilamide m producmg vitamm K deficiency and that this order of effective- 
ness of these sulfonamides approximates the order of their bacteriostatic 
potency against mtestmal cohform organisms as reported by White (7) 
In addition it was observed (5) that factors such as absorption, utihzation, 
and alteration of requirements of vitamm K did not appear to be significant 
elements m the production of vitamm K deficiency by these sulfonamides 
Day et al (6) found that cecectomy inci eased the mcidence of vitamm K 
deficiency m lats fed diets containmg succmyl sulfathiazole 

Certam evidence has been presented by Black et al (1) which they 
interpret to be mconsistent with the hypothesis hmitmg the sulfonanude 
action to the mtestmal tract These workers found that p-ammobenzoic 
acid even when administered parenterally antagomzed the vitamm K de- 
ficiency produced by sulfaguamdme They reasoned, therefore, that this 
sulfaguamdme action “cannot be explained on the basis of changes m m- 
testmal flora alone, but may be due to a toxic action on certam tissues of 
the rat, which is counteracted by p-ammobenzoic acid ” They concluded 
that the exact mode of action of sulfaguamdme is, therefore, obscure 
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SULFONAMIDE EFFECT ON VITAMIN K 


The present study was undertaken to gather more evidence concerning 
the mechanism of production of vitamin K deficiency by sulfonaimdes 
We have confirmed the findmgs of Black et al (1) that parenterally ad- 
mmistered p-aminobenzoic acid prevents the development of vitamin K 
deficiency but m addition n e have found that p-ammobenzoic acid so ad- 
ministered appeals in high concentrations m cecal contents Thus the 
findings of Black el al do not necessarily conflict with the hypothesis of 
sulfonamide inhibition of intestinal bacterial synthesis of vitamm K In 
addition nen and more direct evidence is presented here m support of this 
hypothesis 

Methods 

The techniques and diets used here were generally the same as those pre- 
viously described (5) Weanhng, albmo rats were fed a purified control or 
experimental diet The diets were identical except that, in the experi- 
mental, 1 per cent of the dextrose was replaced bj' an equal weight of the 
sulfonamide drug 

Prothrombin tune was determmed by a mici omethod on whole blood from 
the tail The “prothrombin level” was derived by dividmg the average 
prothrombin time of a group of control rats by the prothrombm time of the 
^ experimental lat, the result was multiplied bj 100 and expressed as a per 

> The term hypoprothrombinemia was applied onlv to those rats 
. I “prothrombin levels” had fallen below 30 per cent 

Determinations of sulfadiazine were by the method of Bratton and 
Marshall (8) with a photoelectric colonmeter Blood determinations were 
made on blood ob tamed bj decapitation or by a mici omethod (9) on 0 02 
cc of tail blood Cecal contents were homogemzed with 200 cc of water m 
a Waring blendor for 5 imnutes and then made up with vigorous shaking to 
a volume of 500 cc contaimng 100 cc of 15 per cent tnchloroacetic acid 
Determinations were made on the clear filtrates and concentrations were ex- 
pressed on a wet weight basis The water fraction of cecal contents was 
generally fiom 75 to 85 per cent 

p-Ammobenzoic acid was assayed bj' the microbiological method of 
Landy and Dicken (10) on cecal contents dried for 10 hours at 80° and pow- 
dered ‘ The test organism was Acelobacter suboxydans Only free p- 
ammobenzoic acid was determmed The dried cecal contents were ex- 
tracted with hot water m preparation for the assay The microbiological 
method was preferred to diazo chemical methods because the latter were 
not sufficientlj sensitive for the entire range of values 

The techmque for the assay of vitamm K activity of crude material has 

1 Lieutenant M Landy, ■Irmj Medical bcliool, performed the u aminobenzoic 
acid assavs 
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been descnbed previously (5) The responses of hypoprothrombmemic rats 
to a sample of feces or cecal contents were compared wth responses of 
similar rats to doses of pure vitamin K “Increases” over the pretieatment 
“prothrombm levels” of 60 per cent or more, of 20 to 60 per cent, and of less 
than 20 per cent were considered to represent the following respective de- 
grees of vitamm K (2-methjd-l,4-naphthohydroqumone diacetate) ac 
tivity 5 7 or greater, 2 to 4 7, and less than 2 7 Aliquots of a suspension 
of feces or cecal contents gave similar i alues in different rats Feces were 
collected and frozen daily Cecal contents w’ere removed from a rat sacri- 
ficed by decapitation and used immediately for assay purposes, m a few 
instances they were frozen and used later The materials were suspended 
in water and administered by stomach tube Prothrombin deteimmations 
were made immediately before and 24 hours after administration of the 
assayed material 

Sodium sulfadiazme m an aqueous solution contammg 10 gm per 100 cc 
was administered subcutaneously each day at a dose level of 0 5 mg per 
gm of body weight p-Ammobenzoic acid in a neutralized solution con- 
taimng 0 1 or 1 0 gm per 100 cc was admmistered subcutaneously each day 
at levels of 5 or 50 7 per gm of body weight 


ResulU> 

Hypoprothrombinemia ind hemorrhage weie pioduced b\ the daily 
subcutaneous administration of sodium sultadiazinc and this effect was pre- 
vented by p aminobenzoic acid also administered subcutaneoush (Table I) 
p \mmobenzoic acid at a dose level of 50 7 pi r gm of bod^ weight almost 
completely anlagomzed the development of the vitamm K deficiencj 

The production and pre\ ention of vitamm K deficiency by parenterallj 
admimsteied agents does not exclude the mtestinal tract as a locus of these 
actions This is sho\vn by a study of the concentrations of sulfadiazine and 
p ammobenzoic acid m the cecal contents of lats injected subcutaneousli 
ivith these agents 

Sulfadiazine deteimmations (Table 11) weie made of the cecal contents 
of rats mjected daily wath sulfadiazine (0 5 mg per gm of body weight) 
and of rats ingesting diets containing from 0 25 to 1 0 per cent sulfadiazine 
It was found that sulfadiazine concentrations in the cecal contents of the 
mjected rats w'ere ot the same general oidei as those found in rats ingesting 
a diet contammg 0 5 per cent sulfadiazine and the mcidence of vitamin K 
deficiency was similar in both gioups In rats with low concentrations of 
sulfadiazine m the cecum, vitamm K deficiency did not appear, but in rats 
with high concentrations of sulfadiazine in the cecum, ^ itamin K deficienc\ 
was noted m most cases Thus m a gioup of seven mts with cecal sulfa- 
diazine concentiations undei 110 mg pei 100 gm , none developed hjpo- 
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TABtE I 

Production o/ Vitamin K Deficteney hy Sodium Sulfadiazine Administered 
Subcutaneously and Prevention by p-Aminobenzoic Acid 
Administered Subcutaneously 


1 

Type of diet 1 

! 

£1 

c9 

*3 

o 

lowest prothrombin levels”* 
reached by individual rats 

1 

Average 
of lowest 
pro- 
thrombin 
levels 

i 


per cent 

per cent 

Control diet -f sodium sulfadiazme, 0 S mg 
per gm body weight 

10 

4, 4, 4, 16, 25, 38, 39, 53, 
67, 97 

35 

Control diet -h sodium sulfadiazine, 0 5 mg 
per gm body weight -f 5 0 -y p-ammo- 
benzoic acid per gm body weight 

5 

1 

20, 83, 85, 88, 96 

75 

Control diet -f sodium sulfadiazine, 0 5 mg 
per gm body weight -1- 50 0 -y p-amino- 
benzoic acid per gm body weight 

5 

81, 83, 88, 96, 97 

89 

Expenmental diet contaimng 1% sulfa- 
diazine 

S 

8, 11, 12, 14, 19 

13 

Experimental “ “ 1% sodium 

sulfadiazine 

5 

4, 4, 10, 13, 26 

11 


• Deteriomations were made at 1, 2, and 3 weeks Litter mates were used in this 
experiment 


Table II 

Concentrations of Sulfadiazine in Cecal Contents and Blood 


Type of diet 


Sulfadiazme (free) 
concentrations in 
cecal contents (wet | 
wught basu) 

Sulfadiazme (free) 

No of rats with 
hypoprothrombi 




noma ( *pxothrcm 
bm level — 
<30 per cent) 









Average 

Range 

Average 

Range 



mg per 
IQO jm 

mg per 
too gm 

mg per 
cent 

mg pcf cent 


0 25% sulfadiazine 

5 

76 

64- 103 

16 

16-16 

0 

0 50% 

4 

138 

43- 245 

32 

27-34 

1 

0 75% 

3 

704 

522- 868 

43 

41-44 

2 

1 0% 

Control diet sodium 

10 

1609 

1160-1850 

48 

34-54 

10 

sulfadiazme subcu- 
taneously (daily), 

0 6 mg per gm body 
weight 

5 

126 

104- 155 

1 

35 

30-46 

2 


* Determinations were made from 2 to 4 weeks after the start of the experiment 


prothrombmemia Of twenty-five rats, with sulfadiazine concentra- 
tions over 110 mg per 100 gm twenty developed hypoprothrombmemia 
The other five rats had the followmg concentrations of sidfadiazme m their 
cecal contents 118, 129, 147, 245, and 723 mg per 100 gm 
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The concentration of p-aminobenzoic acid (subcutaneously admin- 
istered) m the cecal contents was determined m rats on a control diet 


Tabm III 

Eshmalion of Free p-Amtnobenzoie Acid in Cecal Contents 
The values are given m micrograms per gm (dry weight) * 


Control ratsf 

Rats injected daily for 10 days with 
^-aminobenzotc acid S y per gm 

body weight , 

Rats injected daily for 10 days with 
^ammobenzoic acid 50 y per gzn 
body weight 

0 144 

7 1 

31 2 

0 408 

6 8 

20 2 

0 216 

7 3 

17 0 

0 168 

7 6 

19 8 


* Stool moisture content vaned from 77 to 84 per cent 

t Four groups of three litter mates were used in this experiment Lieutenant M 
Landy, Army Medical School, performed the p-aminobenzoic acid assays 


Table IV 

Vitamin K Activity of Feces and Cecal Contents 


Type o£ diet 

Matenal i 
assayed 

Amount of 
material 
assayed 

(4 

'o 

& 

Prothrombm levels * of assay 
rats before and after administration 
of test fflatenal* 

Approximate 
vitamin Kt 
activity of 
fflatenal assayed 

Control 

Feces 

1/10 of 5 

3 

Before 

8, 12, 12 

>50 y (for to- 


1 

day 1 


After 

94, 100, 86 

tal 5 day 



sample 
1/20 of 5 

2 

Before 

1 

11, 25 

sample) 

Experi- 


day 

sample 


After 

78, 108 


f( 

Total 5 

8 

Before 

19, 19, 20, 5, 6, 6, 

<2 7 (for to- 

mentalf 


day 


1 

7, 21 

tal 5 day 



sample 


After j 

37, 26, 53, 15, 0, 

sample) 






14, 31, 11 


Control 

Cecal 

i of to- 

4 

Before 

15, 19, 27, 27 

> 12 T (forte- 


contents 

1 

tal 

1 

1 

1 

After 

51, 51, 78, 84 

tal cecal 
contents) 

Experi- 

Cecal 

Total 

5 

! Before 

25, 20, 23, 10, 17 

<2 y (for to- 

mentalt 

contents 

1 

1 


After 

27, 15, 27, 12, 8 

tal cecal 
contents) 


^ * Values from the same individual rats are tabulated in the same order on the 
“Before” and "After” lines 

1 2-Methyl-l,4-naphthohydroquinone diacetate 

t The experimental diet contained either 1 per cent sulfapyrazme or 1 per cent 
eulfadiazme 

(Table III) A daily parenteral dose of 5 y per gm of body weight resulted 
m a 30-fold increase in the concentration of p-anunobenzoic acid m the 
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SULFOVA-MIDE EFFECT OV VITAMIN K 


cecal contents, ^\hlle a dose of 50 7 pei gm of body \\ eight increased the 
p-anunobenzoic acid concentration m the cecum about 100 -fold 

Vitamin K activity of feces and cecal contents was assayed on hypo- 
prothrombinemic rats The responses of these rats were compared with 
those of rats given known amounts of pure vitamm K A large difference 
was found between the vitamin K activity of feces of rats on sulfonamide 
diets and those of rats, usually litter mates, on the control diets (Table 
IV) The total feces for 5 days obtamed from each of eight rats on ex- 
perimental diets gave responses of less than 2 7 of vitamin K activity m 
seven cases and a response of 2 to 4 7 m one case Similar values were 
obtained from two rats with hypoprothrombmeinia due to subcutaneously 
injected sulfadiazine When the total feces for 5 days of these two rats 
were fed to hypoprothrombmemic rats with “prothrombm levels” of 13 and 

11 per cent, responses to levels of 56 and 17 per cent respectively were 
obtamed This indicates 2 to 4 7 of vitamm K activity m one rat and less 
than 27 m the other 5 day fecal samples from control rats of sunilar 
age and weight were found to contain more than 50 7 of vitamm K activity 
Wet and dry weights of fecal samples from experimental and control rats 
were of the same order of magmtude 

Since vitamm K synthesis may occur m feces at room temperature durmg 
intervals between dailj ooUections and refrigeration, vitamm K assays were 
made of cecal contents Comparable rats on experimental and control 
diets were sacrificed Cecal contents of four control rats each showed about 

12 7 of vitamm K activit> , those of fi\e lats on a deficiency-producmg, 
sulfonamide diet each possessed no demonstrable vitamm K activity or 
less than 2 7 One rat injected subcutaneously wuth sulfadiazine also had 
less than 2 7 of vitamin K activity m its cecal contents 

DISCI ssiox 

The vitamm K activity of cecal contents (or collected feces) was very low 
m rats with vitamm K deficiency produced by the oral or parenteral 
administration of sulfonamides The results obtained show that the cecal 
contenis of such vitamm K-dehcient rats possess no demonstrable vitamm 
K activity or less than 2 7 , w hile the cecal contents of control rats possess 
12 7 or more of vitamm K activity This finding points to the inhibition 
of mtestmal bacterial sy nthesis of x itamm K as an important factor in the 
production of xutamm K deficiency by' sulfonamides 

This hypothesis for the mechanism of production of x itamm K defitiencx 
by sulfonamides is further supported by other data presented here The 
production of vitamm K deficiency bx orallv or parenterally administered 
sulfadiazine was found to be definitely lelated to the sulfadiazme concentra 
tion in the cecal contents It xvas also obsei x ed that p ammobenzoic 
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acid injected subcutaneously appeared m significant amounts m the 
cecum and prevented the production of a vit ami n K deficiency by sub- 
cutaneously administered sulfadiazme The known antagonism of sulfa- 
diazme bactenostasis by p-ammobenzoic acid provides a plausible basis 
for the action of p-ammobenzoic acid m preventmg vitamm K deficiency 

We have reported previously on the parallelism between the order of 
bacterial potency of a series of sulfonamides and the order of their ef- 
fectiveness m production of a vitamm K deficiency (5) It was also re- 
ported by us that factors of absorption, utilization, and altered requirements 
of vitamm K did not appear to be significant elements m the production of 
a vitamin K deficiency by sulfonamides Day et al (6) noted that cecec- 
tomy facilitated the development of a vitamm K deficiency m rats fed 
succmyl sulfathiazole diets These findmgs are all m keepmg with those 
presented at this tune 

It should be pomted out that the mechanism of production of other 
vitamm deficiencies by sulfonamides may not be the same as that con- 
sidered here for the production of a deficiency of vitamm K 

SUMMARY 

1 The cecal contents and collected feces of rats with vitamm K de- 
ficiency produced by sulfonamides showed either very slight or no vitamm 
K activity The cecal contents and collected feces of control rats possessed 
much greater vitamm K activity 

2 Sulfadiazme admmistered subcutaneously resulted m a vitamm K 
deficiency The production of the deficiency by orally or parenterally 
adimnistered sulfadiazme vas closely related to the concentration of 
sulfadiazme m the cecal contents 

3 p-Ammobenzoic acid admmistered subcutaneously antagomzed the 
vitamm K deficiency produced by subcutaneously admmistered sulfa- 
diazine p-Ammobenzoic acid injected into rats on a control diet appeared 
m the cecum m significant concentrations 

4 These findings together with other available data mdicate that the 
inhibition of mtestmal bacterial synthesis of vitamm K is the dommant 
factor m the production of vitamm K deficiency m rats by the sulfonamides 
used m these studies 
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RESPIRATION IN THE ORANGE 
A STUDY OF SYSTEMS RESPONSIBLE FOR OXYGEN UPTAKE 
BtA AZIZ HUSSEIN 

(From the Division of Fruit Products, College of Agriculture, University of California, 

Berkeley) 

(Received for publication, March 23, 1944) 

In a study of respiration m the orange (Cttrus sinensis) an attempt has 
been made to determine the type of oxygen-absorbing system present in the 
vanous tissues of the orange frmt, with particular emphasis on the flavedo 
Oranges were classified as a peroxidase frmt by Onslou (1) Recently 
Davis (2) prepared peroxidase extracts from the different tissues of the 
navel orange and reported highest values in the flavedo Qualitative tests 
with guaiacol and benzidme have confirmed this observation In the 
present study, measurements of oxygen uptake by the Warburg technique 
show that a system resemblmg cytochrome oxidase is involved Dehydro- 
genase-like activity, as measuied by methvlene blue reduction, has also 
been studied 


Methods 

Respiration measurements were made mth the customary Warburg 
manometer and comcal reaction flasks The Qo, or c mm of O 2 consumed 
was calculated on the basis of 1 mg of dry weight per houi The oranges 
were supplied by the Citrus Experiment Station at Riverside Weekly 
samples were received from the same tree and stored at 0° The fruit was 
washed with cold water, adhermg water removed, and the tissue desired 
lemoved iiVith a sharp blade Flavedo samples were taken from the middle, 
to avoid tissue wth a gieenish tint Cross-sections wth a thickness of 
approximately 0 7 mm xvere made by free-hand slicing The sections were 
nnsed vuth distilled water^ befoie transference to the Warburg vessels 
which contamed 2 ml of 0 2 m phosphate buffei The samples i\ eighed 
200 mg when fresh, contaming about 50 mg of dry weight 

Dehydrogenase activity was studied by methylene blue reduction in 
Thunberg tubes The juice was prepared by mincing the sample, freezing 
and thawing, grmdmg with sand m a mortar, and finally pressing in a hand 
press The juice was mixed then with mfusonal earth and filtered through 
asbestos The clear juice was decolorized vith norit A, and again filtered 
The clarified juice was kept under toluene at 0° The final x olume m the 
tubes was 2 ml , consisting of 0 2 ml of 0 02 per cent methxlene blue, 

' The distilled water in these solutions was icdistilled once in Pjrex 
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0 5 ml of the clarified tissue juice, and 1 3 ml of 0 2 m potassium phosphate 
The tubes were evacuated for 1 mmute with a Nelson pump and allowed to 
stand for 20 minutes to reach room temperature before mixmg A tube 
contammg all the reagents after decolonzmg was used for comparison 
As the reaction was found to be catalyzed by light, the reduction period was 
measured under artificial light with a 75 watt Mazda lamp 

EXPERIMENTAL 

Determinahon of Respiratory Quotient — The respiratory quotient was 
determined m 0 2 m phosphate buffer of pH 5 0 In six determinations, 
the average was 1 33 at the start and 1 09 after 2 hours 




Fia 1 Fiq 2 

Fig 1 Comparative activity of different tissues Curve A, flavedo tissue, 
Curve B, albedo tissue, Curve C, juice sacs, Curve D, carpellary membranes 
Fiq 2 Effect of size of flavedo section on oxygen uptake Curve A, 3 mm , 
Curve B, 6 mm , Curve C, 12 mm in diameter 

General Charactenstics of System The Sample — ^Flavedo sections 
prepared in the same manner, but obtained from different locations on the 
orange, showed different oxygen uptake, ivith highest activity near the 
stem end, and lowest near the blossom end Qo, values were 1 35, 1 17, 
and 0 92 respectively Vanability among oranges is of considerable 
magnitude, rangmg from 1 60 to 2 10 for twelve navels and 1 10 to 1 55 for 
twelve Valencias taken at random Maturity, elapsed time, and the 
uncontrollable vanables are doubtless responsible for this Comparative 
activities for the different tissues are shoivn m Fig 1 for navels In each, 
the flavedo has the highest and the carpellary membranes the lowest 
activity An mcrease was noted in oxygen uptake wuth decreasing size. 
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but smular trends were obtained for the values taken at comparable tune 
mtervals (Fig 2) Although decreasing the length of the cross-sections 
resulted m an increase m Qo« the activity was lost if the tissue was finely 
ground with sand 

Washing — ^When flavedo sections are washed m running water, then- 
activity decreases gradually and finally ceases completely after 24 hours 
When the tissues were washed for 24 hours ivith mechamcal stirnng and 
ivith a stream of air passmg through the hquid, between 30 and 40 per cent 
of the mitial activity was retamed 

To determine whether this difference in activity is associated with 
fermentation, flavedo sections were left in the Warburg vessels for 22 hours 
under an atmosphere of purified nitrogen An average Qco, of 1 66 for the 
first 3 hours was observed The original Qo, was 1 33 After fermentation 



Fig 3 Effect of pH on the oxygen uptake of flavedo Curve A, Ist hour. Curve B 
2nd hour 

was allowed to continue for 22 hours, the value for Qo, dropped to 0 16 
c mm for the let hour and no further oxygen uptake was observed after 
2 more hours 

Heat — When flavedo sections were heated for 2 nunutes in boiling water 
or buffer, neither the tissue alone nor the fluid showed any oxygen uptake 
Heatmg was also conducted m an atmosphere of purified nitrogen, but the 
power of oxygen uptake ivas lost 

Effect of pH — The pH of the expressed jmce of both flavedo and albedo 
tissues ranges from 4 9 to 5 4 When the o-xygen uptake of flavedo sections 
vas deterinmed at different pH values between pH 3 0 and 7 0, an optimum 
near pH 5 0 was observed for both varieties Above pH 7, the oxygen 
uptake remains relatively constant, but rises slightly near pH 8 (Fig 3) 

Effect of Siihstraies Catechol — ^To establish the presence or absence of 
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polyphenolase in the flavedo, the effect of catechol was determined at the 
natural pH, 5 1, and at pH 8 15 The side arm of the flasks contamed 
0 2 ml of 1 per cent catechol m aqueous solution The imtial oxygen 
uptake of the tissue was detennmed for 30 mmutes before the catechol was 
tipped into the flasks This caused no increase m the oxygen uptake at 
either pH 

Ascorbic And — ^The oxygen uptake of flavedo tissue m the presence of 
2 mg of ascorbic acid per ml was compared with aqueous solutions of 
ascorbic acid at the same concentration, at different pH values (Table I) 
To ascertam ivhether ascorbic acid is partially oxidized, an extract was 
prepared by the method of &ishnamurthy and Gin (3) 1 ml of extract 

uas added to 1 ml of buffei of pH 6 75, contaimng 5 mg of ascorbic acid 
The pH was 6 3 after the material was nuxed A buffer at this pH ivith 
the same quantity of ascorbic acid was used for comparison The control 
vessels consumed 192 c mm of oxygen in 45 mmutes, while theie was 

Table I 

Oxygen Upiale by Flavedo with Ascorbic Acid 


C mm oxygen consumed per 100 mg dry weight 


pH 

Ascorbic acid coDtrol 

1 

Flavedo control 

Flavedo with ascorbic 
aad 

8 05 

242 

116 

177 


177 

140 

159 


126 

149 

142 


none in the presence of the extract, indicating apparently complete protec- 
tioii of the ascorbic acid 

p-Phenylenediamine — Expeiiments were conducted in phosphate buffei, 
pH 6 5 , the side arm contamed 0 2 ml of a solution of the reagent (1 92 
mg ) m 0 1 M buffer m 50 per cent alcohol A blank contamed the same 
leagents without the tissue Autoxidation was negligible, about 5 c mm 
per houi At the end of the expenment, both tissue and fluid vere blue, 
and a 3-fold increase m oxygen uptake was observed After 1 hour, 
p-phenylenediamme was added to one flask which had received none at 
the begmnmg An increase in the oxygen consumption was also observed 
(Fig 4) 

The effect of p-phenylenediamine on the Qo, of the heated tissue, vlucn 
had been boiled for 2 mmutes, and on ground flavedo tissue vas then 
determmed Oxygen consumption by the boiled tissue was similar to that 
of the blank, while the ground tissue, which did not consume oxygen m 
other experiments, gave values comparable mth those of mtact tissue 
alone, and the fluid was blue The results are shmvn m Table If 
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Expenments were also conducted to test the effect of the dye in the 
presence of potassium cyamde In the presence of cyamde (0 01 m) 
neither tissue nor fluid became blue, and mhibition was about 75 per cent 
(Table III) The sensitivity to cyamde did not change when the test 
was repeated over an 8 week period 

Cytochrome c — ^The addition of 0 4 ml of reduced cytochrome c solution, 
prepared from ox heart (4), to flavedo sections at pH 8, 6 5, and 5 0 caused 
an mcrease m oxygen uptake m all cases (Fig 5) Cytochrome c is not 
autoxidized at these pH values and no blank, the cytochrome alone, 
was needed 


Table II 

Oxygen Uptake by Flavedo with p-Phenylenediamine 


Tissue 

Cjnm oxygen coq! 

dry w 

Expenment 1 

lumed per 100 mg 
eight 

Expenment 2 

Fresh, intact 

128 

98 

" “ with dye 

378 

248 

“ ground 

0 

0 

“ “ with dye 

123 

97 

Boiled, with dye 

0 

0-5 


Table III 

Effect of Cyamde on Oxygen Uptake with p Phenylenediamine 


Cj&m oxygen coosumed per 100 jsg dry weight 


Flavedo 

Flavedo with dye 

Flavedo with dye and cyanide 

107 

320 

81 

108 

294 

79 


Hydroqutnone — Hydroqiunone was added at the beginmng and also 
durmg the course of the experiment The side arm contamed 0 2 ml of 
01 m aqueous hydroqiunone In neither case was an mcrease in uptake 
or brown discoloration noted In three determmations, with and without 
hydroqumone, the average values after 2 hours at pH 7 0 were 0 77 and 
0 75 respectively, and 0 66 and 0 61, when added after 1 hour The 
oxidation of hydroqmnone is catalyzed by cytochrome oxidase, and 
a function of both the oxidase and cytochrome c (5) Smce the hvdro- 
quinone was not oxidized, one may infer the absence of cytochrome c 
Other Possible Siibstrates — The followmg substances were also tested 
01 m solutions of mahc, citnc, and succimc acids, orange oil, citral and 
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limouene, citnn, riboflavin (with and ivithout tissue dialysis), and glucose, 
fructose, maltose, galactose, and sucrose None of these showed any 
effect on oxygen uptake by the flavedo, with the possible exception of 
succmic acid, for which a slight increase, about 10 pei cent, in the Qo, 
was observed 

Effect of Inhibitors Potassium Cyanide — Cyamde has an inhibitory 
effect ranging from 80 per cent at 10“^ m to 8 per cent at 10 ~’ m at pH 5 0, 
indicating a residual respiration of about 20 per cent (Fig 6) It was also 



Fig 4 Effect of p phenylenediamine on oxygen uptake in flavedo Curve A, 
tissue alone. Curve B, with p phenylenediamine added after 60 minutes. Curve C, 
with p phenylenediamine added at the start 

Fig 5 Effect of added cytochrome c on oxygen uptake Curves A and Ai at pH 
8 0, without and with cj tochrome, similarly Curves B and Bi at pH 6 5, also Curves C 
and Cl at pH 5 0 

Fig 6 Effect of cyanide concentration on oxygen uptake of flavedo (pH 5 0) 

found that the extent of inhibition depends on the pH, bemg about 80, 
75, and 50 per cent at pH values of 5 0, 6 5, and 8 0 respectively 
Hydrogen Sulfide — ^To determme the effect of hydrogen sulfide, the 
tissues were allowed to respire for 1 hour in phosphate buffer at pH 5 1, 
contammg 0 01 ii sodium sulfide About 0 2 ml of the fluid was trails 
f erred to the side arm containing the alkali mixture (ICMnOi and KI), 
and then HgCh xvas mixed with the fluid The flasks were shaken until 
constant readings of the manometer xvere obtamed This expemnent 
was conducted only with Valencia oranges, the inhibition m two experi- 
ments was 75 5 and 80 3 per cent, respectively 
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Sodium Azide — With 10“* m azide, an inhibition of about 80 per cent 
^\as observed at pH 5 0, and 8 per cent at pH 8 0 
Carbon Monoxide — This experiment was conducted in light and in the 
dark, on tissue from the same orange, mth a mixture of 80 per cent carbon 
monoxide and 20 per cent oxygen In each expenment, the average of 
data from tuo flasks was used (Table IV) The mhibition is clearly re- 
\ersible uith light 

Spectroscopic Examination of Tissues — ^An attempt ivas made to observe 
the characteristic bands of cytochromes in the flavedo tissue When a 
suspension of finely ground tissue in water was examined spectroscopically, 
no bands were observed However, when sodium hydrosulfite was added 
to the suspension, a band at 563 m^ was easily recognized When flavedo 
slices were examined, the band could be obsei-ved only after steepmg the 
slices m hydiosulfite Cytochrome b exhibits a band at 564 mg, and the 
oxidase at 582 mg (6) To determme whether the band w^as due to cyto- 

Table IV 

Effect of Carbon Monoxide on Oxygen Uptake by Flavedo 


C.mm oxygut consumed per 100 mg dry weight 


Is daylight | 

1 In dark 

AiEni^^ratio 

In air | 

1 In gas mature 

In atr | 

In gas mature 


140 

mESM 

157 

121 

mEIM 

135 j 


122 

95 j 



residual respiration ^ CO 
1 — residual respiration Oj 


chrome h, its position was checked against the known cytochrome h com- 
ponent m a yeast suspension To the knowledge of the writer, none of 
the cytochiomes has been obsenmd before in a colored portion of the 
plant 

The characteristic bands of cytochrome c (550 and 520 mg) were not 
observed On the other hand when reduced cytochrome c was added to 
the flavedo suspension ui the presence of Na:S20<, the band at 550 mg 
was plainly visible, indicatmg that the failure to observe the band before 
was not due to a maskmg effect 

When cytochrome c was added in the absence of NajS.Oi, the bands 
gradually disappeared, indicatmg a change from the reduced to the oxi- 
dized form, but when the tissue was heated before the cytochrome solution 
was added, the bands remained visible This indicates that a heat-labile 
substance is responsible for the oxidation of added cytochrome c 

Success m viewung cvtochrome bands depends upon two factors ks 














208 


RESPIRATtON IN ORANGE 


the concentration of cytochromes is extremely low, a thick suspension is 
essential This requires an mtense beam to permit adequate transmitted 
light for visual inspection in the spectrometer As hght source, a Wotan 
lamp (6 volts, 5 amperes) was used, with a large condensmg lens, and 
diaphragm, as used in a microscope assembly Two instruments were 
tried, a small direct vision spectroscope, and a large Bausch and Lomb 
spectrometer For best results on the bands in situ, two or three slices 
01 more of flavedo steeped in hydrosulfife should be clamped togethei 
Observations on Reduction of Methylene Blue — Frankenthal (7) studied 
the dehydrogenase activity in the clarified juice of Palestinian orange peel, 


Table V 

Effect of pH on Methylene Blue Reduction Time 


Orange 

pH 

Albedo 

Flavedo 

Whole nnd 



ffitn 

min 1 

min 

Valencia 

8 4 

16 5 

10 5 

12 5 


8 2 

15 7 

11 4 

13 5 


7 9 

19 0 

12 5 

17 2 


6 9 

96 

52 

70 


5 9 

600 

330 

450 

Navel 

8 2 

12 5 

8 9 

11 5 



15 5 

10 0 

14 0 


6 9 

60 

33 5 

43 


Table VI 


Effect of Heat on Methylene Blue Reduction Time for Valencias 


pH 

1 Heated juice 

Unheated jmee 


1 1 

min 

7 0 

205, 220 

56, 54 

9 0 

34, 35 

12 6, 12 


and attnbuted the observed activity to dehydroascorbic acid and its stable 
oxidation product, diketogulomc acid Flavedo juice of California 
oranges was clarified with several types of plant and animal charcoals 
and norit A gave a juice ivith highest activity The methylene blue 
reduction iias found to be catalyzed by light Smee Fiankenthal did not 
define her light conditions, results cannot be dnectly compared Direct 
sunlight caused instantaneous reduction at pH 9 Measurements were 
made wth artificial hght at room temperature With increase m pH, 
the reduction time was decreased 

The activity vas higher m flavedo than in albedo juice, and navel 
orange juices were more active than those of Valencias (Table V) 
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Effect of Heal— Flavedo juice was heated to boiling in a water bath, 
held foi 2 minutes, and quickly cooled After coolmg, the solutions were 
darker yellow and a slight turbidity developed Tunes reqmred to de- 
colorize methylene blue are given in Table VI They are averages of 
two deterimnations in each case At both pH values, the activity was 
decreased by about two-thirds This is in agreement with Frankenthal 
(7) This implies that much of the observed reduction of methylene blue 
13 not enzymatic 

Effect of Cyoiitde — Frankenthal (7) also leported that the leduction of 
methylene blue was accelerated by potassium cyamde To 13 5 ml of 
navel flavedo juice, 1 5 ml of 0 1 m cyamde were added, and the reduction 
time at pH 9 0 was reduced from 8 5 to 5 minutes, confirmmg the earlier 
results (7) 


DISCUSSIOV 

Results of the present study appear to show that ascorbase^ and poly- 
phenolase are absent or non-functiomng m the tissues of the orange fruit 
Enzymes comparable in many respects with peroxidase, indophenol oxidase 
(cjtoohrome oxidase), and dehydrogenase have been shown to be present, 
though some doubt exists in the case of dehydrogenase, as this niay be 
supplemented bv a relatively heat-stable system capable of reducmg 
methylene blue This has been attnbuted to ascorbic acid (7) 
Measurements of oxygen uptake could not be obtamed on tissue 
or homogenized tissue Intact tissue was needed There is consi era e 
inherent variation mthm oranges selected at random Comparable 
tion exists m such fruit with respect to soluble sohd content (8) e 
observation that the highest activity occurs m the flavedo tissue is in 
agreement with distribution of peroxidase activity (2) and met y ene ue 
reduction (7) Values for Qo^ for flavedo under optimal conditions varied 
from 1 10 to 2 10 c mm per mg of dry tissue per hour 
The destruction of the activity by heat and the occurrence of an opti- 
mum m the pH range 3 to 7 indicate that the observed activity is enzyma ic 
in nature The optimum pH for the enzyme is on the aci si e o neu 

’ Further study of the situation with respect to ascorbase ^ ° 

elusion needs modification The validity of the ascorbic aci con ro 
tioned because of the absence of protective factors, of which citric aci ma u,. 

The flavedo control, based on average analyses, may contain up o ® . . j 

acid, and the extent to which this and additional substrate , 'j 

oxidized, depends on the validity of the controls It appears t a ^ „t,on 

tion 13 independent of the concentration at this and higher leve s, 
of the enzyme Regardless of this uncertainty, the theoretics , control 

plete oxidation of the ascorbic acid is less than 30 c mm , whi e • 

on the same basis, has an uptake of 140 c mm 
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trality, while autoxidation is greatei on the alkaline side In these studies 
cyanide inhibition at pH 5 0 is about 50 per cent at 10 ~’ m, and 80 per cent 
at 10““ M The respiration of Nilella (9) is about 37 per cent inhibited 
at 10““ M concentration, of barley leaves (10) 65 per cent, of carrots 61 to 
72, and of tea leaves (11) 58 to 88 In such tissues as carrot and tea leaf, 
in which cytochrome oxidase has been reported, inhibition reaches a maxi- 
mum at 10““ M cyamde, and is by no means complete This is in contrast 
ivith cytochrome oxidase m the absence of other enzymes, -when 5 X 10“* m 
cyanide produces complete inhibition Since inhibition increases with 
mcrease in cyanide concentration (Fig 6), the writer favors the suggestion 
(11) concernmg the competition for orgamc iron between the enzyme and 
cyamde 

The constant for the ratio of the affinity of the orange en^me for oxygen 
and carbon monoxide, namely 14, is close to some of the recorded values, 
9 to 12 for carrots (12) and 15 for tea leaf (11) 

Cytochrome 6 was observed only m the presence of hydrosulfite, and 
neither cytochrome a nor c could be detected 

Frankenthal (7) attnbuted the dehydrogenase-hke activity m the 
clanfied peel jmce to the ascorbic acid oxidation products, dehydroascorbic 
acid and diketogulomc acid, and the results of this investigation with 
respect to the eSect of cyanide, pH, and heat are m general agreement 
The ascorbic acid could furnish the basis for dehydrogenase-hke activitj 
required for the completion of a respiratory cycle mvolving cytochrome b 
and a cytochrome-hke oxidase 


SUMMARY 

Measurements of oxygen uptake have been made on orange tissues by 
the Warburg techmque The flavedo shows the highest activity ivith an 
optimum at about pH 5 0 

The effect of inhibitors and numerous possible added substrates was 
noted, from which it was concluded that a system involving cytochrome 
oxidase is responsible for a major part of the oxygen uptake 

The presence of cytochrome b was identified spectroscopically by means 
of its characteristic absorption band at 563 m/i This was observed onlj 
after reduction with hydrosulfite 

Dehydrogenase activity was studied by methylene blue reduction m 
Thunberg tubes A somewhat high proportion of this activity (about 30 
per cent) appears to be due to a relatively heat-stable system 

The writer wishes to express his sincere appreciation to Dr M A Joslyn 
with whom this study was imtiated He also feels greatly indebted to 
Dr G Mackinney for his particular mterest and for guidance m the 
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bpectiobcopic ^^ork Thanks are also due to Di W V Ciucss and 
Dr L A. Hohl for their profitable suggestions 
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IV CONVERSION OF DESOXYCORTICOSTERONE TO PREGNANEDIOL- 
3(a), 20(a), IN MAN AND IN THE CHIMPANZEE* 

By benjamin N HORWITT, RALPH I DORFMAN, 

REGINALD A SHIPLEY, and WILLIAM R FISH 

{From the Brush Foundation and Departments of Biochemistry and Medicine, School of 
Medicine, Western Reserve University, and Lakeside Hospital, Cleveland) 

(Received for publication, April 26, 1944) 

In a prelumnary report (1) from this laboratory, we reported the con- 
version of desoxycorticosterone to pregnanediol-Sfo:) ,20(q:) in the ovan- 
ectomized chimpanzee This report deals with the details of the experi- 
ments on the chimpanzee as well as similar studies on three men and one 
woman 

Cuyler et al (2) presented suggestive evidence that the conversion of 
desoxycorticosterone to pregnanediol-3(a), 20(a) takes place in a healthy 
man Their data were not conclusive and m subsequent reports they were 
unable to confirm their origmal findmgs either m men or in women (3, 4) 
Conclusive evidence for this conversion has been reported m rabbits (5, 6) 

Administration of Desoxycorticosterone Acetate to Ovaneclomized 
Chimpanzee 

Daily doses of 200 mg of desoxycorticosterone acetate* were a dminis tered 
orally for 15 days to an adult ovanectomized chimpanzee Urme was col- 
lected for the 15 days durmg the hormone admmistration period and for 
the followmg 3 days A total of 14 9 hters of urme was collected The 
urme was extracted m a manner similar to that previously described except 
for the use of carbon tetrachloride m place of benzene (7) The neutral 
compounds were separated by means of the Girard-Sandulesco reagent, 
tnmethylacethydrazide ammomum chloride, mto the ketomc and non- 
ketomc fractions The non-ketomc fraction was separated mto the hydroxy 
and non-hydroxy fractions by means of succmic acid anhydride The non- 
ketomc hydroxy fraction was separated further with digitonm 

Those compounds which did not precipitate noth digitonm were dissolved 
m 50 cc of benzene and adsorbed on a column (10 X 190 mm ) of Brocl^ 
mann’s alummum oxide Elution was carried out with benzene an 
progressively mcreasmg concentrations of ethanol m benzene and finally 

* Supported m part by a grant from the Joaiah Macy , Jr , Foundation and by 
grants from the Committee for Research in Problems of Sex of the Nationa esearc 
Council, grant admmistered by Dr William C Young 

* Kindly supplied by Ciba Pharmaceutical Products, In6 
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With absolute ethanol, as represented in Table I Crystalline matenal 
was found in Fractions 13 to 16 which were eluted with 400 cc of 1 0 per 
cent ethanol in benzene This material after crystalhzing several tunes 
from 70 per cent ethanol melted- at 228-229° When mixed wth an 
authentic sample of pregnanediol-3(a),20(a), mp 229-231°, a meltmg 
pomt of 229-230° was found The diacetate melted at 175-176° and when 
mixed wth pregnanediol-3(a) ,20(or) diacetate, m p 174-175°, the nuxture 
melted at 174-175° The yield was 45 mg of the free compound 

Analysis— Calculated, C 78 75, H 11 25, found, C 79 01, H 11 70 

The mother hquors from Fractions 13 to 16 were combmed, evaporated 
to dryness, dissolved m 25 cc of benzene, and rechromatographed on a 
column (10 X 190 mm ) of Brockmann’s aluminum oxide Elutions were 


Table I 

Elution of Compounds Which Did Not Precipitate with Digitonin 


FractioaNo 

Volume of 
solvent 

Solvent 

Remarks 


<c 







1 

50 

Benzene 




Trace of colorless oil 


100 

<( 




(t 

“ light brown oil 


135 





44 

“ colorless oil 



0 25% ethanol m benzene 

44 

(( 44 (4 

12 


0 5% 

(t 


- 

44 

44 44 ti 

13-16 

400 

1 0% 

H 

H 

H 

Crystalline matenal 

17 

100 

2 0% 

H 

n 

44 

Trace of colorless oil 

18 

100 

4 0% 

4t 

ii 

44 

(( 

44 44 44 

19 

100 

8 0% 

K 

44 

44 

44 

44 44 44 

20 

100 

16 0% 

44 

44 

44 

44 

“ brown oil 

21 

100 

Ethanol 




44 

44 <( 44 


earned out with benzene and mixtures of ethanol and benzene, of concen- 
trations from 0 5 to 1 0 per cent ethanol, as listed m Table II The 
crystalhne matenal from Fractions 5 and 6 (Table II) were combmed and 
acetylated After recrystalhzation from dilute ethanol, the matenal 
melted at 174-175° This matenal was the diacetate of pregnanediol- 
3(a), 20(o:) When mixed with an authentic sample of the diacetate, m p 
174-175°, a meltmg pomt of 174-175° was observed The yield was 43 3 
mg of the diacetate (34 0 mg of free compound) Thus, the total yield 
was 79 mg of pregnanediol-3(a) , 20(a), representmg a 3 per cent conversion 

In a second experiment on the same ovanectomized chimpanzee, twelve 
daily doses of 100 mg each of desoxycorticosterone acetate were admmis 

’ All meltmg points are uncorrected and were determined with the Fisher-Johna 
apparatus 
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tered orally A total of 10 8 liters of urine was collected during the period 
of hormone admmistration and for the followmg 4 days The urmary 
extracts were prepared and fractionated as described in the first experiment, 
except that no digitonm precipitation was carried out 
The non-ketomc hydroxy compounds were dissolved m 25 cc of benzene 
and adsorbed on a column (10 X 120 mm ) of Brockmann’s al umin um 
oxide Elutions of the column ivith a solution of 1 per cent ethanol m 
benzene yielded crystallme material Two crystallizations from dilute 
ethanol yielded a substance meltmg at 229-230° The meltmg pomt was 
not depressed when imxed ivith pregnanediol-3(a),20(Q:) The diacetate, 
m p 173-174°, was not depressed when mixed with a sample of pregnane- 
diol-3(a),20(a) diacetate, mp 174-175° The yield was 21 mg of the 
free compound 


Analysis — CjiHaOi Calculated, C 78 75, H 11 25, found, C 78 66, H 11 31 

Table II 

Elution of Mother Liquors from Fractions IS to IS 


Fraction >^0 

Volume of 
solvent 

Solvent 

Kemarks 

1 

cc 

25 

Benzene 

Trace of oil 

2 

25 

<< 

tl tl ft 

3 

100 

it 

H t$ it 

4 

200 

0 5% ethanol m benzene 

Brown oil 

5 

200 

0 75% “ 

Crystalline material 

6 

100 

0 75% 

tt ft 

7 

100 

0 75% 

Trace of colorless oil 

8 

100 

1 0% 

Nothmg 


Admintslralion of Desoxycorltcoslerone Acetate to Three Men and One 

Woman 

Subjects, Methods, Materials — ^The subjects consisted of three patients 
suffermg from Addison’s disease and one from hypogonadism Two of the 
patients ivith Addison’s disease were men aged 35 and 33 years, respectively 
The third was a 30 year-old woman The fourth patient was a 28 year-old 
hypogonadal male 

Desoxycorticosterone acetate was administered orally to the four patients 
for periods rangmg from 5 to 11 days The total amount of desoxycorU- 
costerone acetate’ administered per patient, calculated as free compoun , 
ranged from 595 to 1280 mg 

Urme was collected durmg the period of oral administration of desoxj - 

* Kindly supplied by Ciba Pharmaceutical Products, Inc , and by the Schering 
Corporation through the courtesy of Dr W H Stoner 
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corticosterone acetate and for the following 2 to 4 days The combined 
urme samples were acidified -with hydrochloric acid and extracted with car- 
bon tetrachloride as descnbed for the chimpanzee urme The crude urmary 
extracts were fractionated by means of sodium hydroxide and the Girard- 
Sandulesco reagent mto the neutral ketomc and neutral non-ketomc frac- 
tions 

The neutral non-ketomc fractions were adsorbed on columns of Brock- 
mann’s aluminum oxide from solutions of benzene The adsorbed com- 
pounds were eluted from the column by solutions of ethanol m benzene 
ranging from 0 5 to 3 per cent ethanol in benzene The principal crops of 
pregnanediol-3(a),20(Q:) were eluted by solutions contaimng 1 per cent 
ethanol m benzene 


Table III 

Conueraion of Deaox’jcorlicoaterone to PregnanediolS(a) ,£0(a) in Humana 


Patient 



Days 

admiQ 

istcred 

1 

Total 
equivalent 
of free 
compound 
admmis 
tercd 

Pregnanediol 3 (a) 20 (a) 
isolated 

Conver 

Sion 


Mp* 

M p t of 
diacetate 



yrs 


mz 

mz 

c 

c 

per cent 

Addison's disease 


30 

lit 

1280 

18 

232-234 

173-174 

1 4 

(( U 

M 

35 

6 

618 

15 


176 

2 4 

It <1 

1 

33 

6 

595 

16 


173-174 

2 7 

Hypogonadal 

11 1 

28 

7 

715 

22 


174-176 

3 1 


•The melting point of an authentic sample of pregnanediol-3(a), 20(a) was 
231-234° 

t The melting point of an authentic sample of pregnanediol-3(a),20(o) diacetate 
was 173-176° 

t During the preovulatory phase of the menstrual cycle 

The identity of the isolated products was established on the recrystal- 
\ized products by means of meltmg pomts of the products and their diace 
tates Meltmg pomts of mixtures of both the free compounds and their 
diacetates with authentic samples were detenmned 

The results are summarized m Table III In each instance, pregnane 
diol-3 (a) , 20 (a) was isolated as a urinary metabolite of desoxycorticosterone 
Smce the percentage conversion figures are based on the amounts of preg- 
nanediol-3(a) , 20(a) isolated m crystallme form, the values are necessarily 
minimal 

The two male patients with Addison’s disease showed conversions of 2 4 
and 2 7 pei cent iespecti\ely, while the woman suffermg from this disease 
showed a 1 4 per cent conversion durmg the preovulatory phase of the 
menstrual cycle The hypogonadal male converted desoxycorticosterone 
to pregnanediol-3(a) , 20(a) to the extent of 3 1 per cent 
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Urine samples collected from the two male patients with Addison’s 
disease before desovj corticosterone aeetate treatment yielded no pregnane- 
diol- 3 (a) , 20 (q!) These studies were carried out on 8 and 5 day specunens 
from the 33 and 35 year-old males with Addison’s disease respectively 

DISCUSSION 

The conversion of desoxy corticosterone to pregnanediol- 3 (Q:) , 20 (a), 
which has been demonstrated for man, the chimpanzee, and rabbits, is the 
first instance m the metabolism of the steroid hormone of the replacement 
of a hydroxy group (at C21) by a hydrogen atom The over-all change 
represents a reduction of the a ,/3 unsaturated ketone m Ring A to the 3 - 
hydroxy group, and the replacement of the hydroxyl group at C21 by a 
hydrogen The reduction m Ring A is similar to those observed m the 
transformation of testosterone to androsterone and progesterone to preg- 
nanediol 

A possible mechamsm for the changes occurring at C 0 and C21 is pre- 
sented m the accompanying formulas The first step invoh es the reduc- 
tion of the C20 ketone group to the correspondmg C21 hydroxy group 
Thus we have formed a C2a-C2i glycol which could split out water in either 
of two ways, forming either a C20 01 C21 enol For the formation of 
pregnanediol- 3 (a), 20 (a), the C22 enol would be the direct intermediate 

DESOXYCORTICOSTERONE 


cffeOH CHiOH c^HiOH 

c=0 c=0 H-c-OH 
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and would form m turn the Cm keto tautomer, the reduction of either the 
enol or keto tautomer would form pregnanediol-3(a) , 20(a) The Cji enol 
could go through analogous transformations, yieldmg on reduction preg- 
nanediol-3(a) ,21 

These findmgs help to explam the presence of small amounts of pregnane- 
diol-3(a) ,20 (a) m normal men’s urme (8) and m ovariectonuzed women (9) 

In the bull, however, the large amount of urinary pregnanediol seems to 
be associated with the presence of the testis, smce the steer excretes no 
detectable amount of this steroid (10) 

SUMMARY 

The oral administration of desoxycorticosterone m the form of its acetate 
to patients with Addison’s disease (two men, one woman), a hypogonadal 
male and an ovariectonuzed chimpanzee resulted m the urmary excretion 
of pregnanediol-3 (a) , 20 (a) 

Conversions of 1 4 to 3 0 per cent of the administered material were ob 
served by direct isolation of the pregnanediol -3 (a), 20 (a) 

A possible mechanism of the conversion of desoxycorticosterone to preg- 
nanediol-3(a),20(a) is discussed 
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SOME OBSERVATIONS ON THE PHOTOCHEMICAL 
DESTRUCTION OF CAROTENE* 

By LEONARD P PEPKOWITZ 

(From the Department of Agricultural Chemistry, Rhode Island Agricultural 
Experiment Station, Kingston) 

(Received for publication, May 11, 1944) 

In a recent publication (1) the photochemical destruction of carotene 
in the presence of chloiophyll was reported The present paper presents 
some observations concernmg the photolysis observed However, the dis- 
cussion IS limited by the lack of specific knowledge of the chemical mecha- 
nism of the process, smce neither the possible mtermediates nor end-prod- 
ucts have been identified The experiments desciibed should be considered, 
therefore, as attempts to gam an insight into the mechanism of the 
reaction 


EXPERIMENTAL 

In most of the experunents, the mixtuies of carotene (90 per cent and 
10 per cent a-)‘ and 5X chlorophyll* m acetone were exposed in test-tubes 
to the direct light of a hlazda daylight fluorescent lamp at a distance of 
4 inches The illummation on the reactants was 350 foot candles, as 
measured by a Weston illumination meter The concentrations of carotene 
and chlorophyll weie determmed spectrophotometrically, with the absorp 
tion characteristics at 6500 and 4560 A In those cases in which a separa 
tion of components was required, as m the experiments mvolvmg uranyl ace 
tate or the fluorescent dyes, the caiotene was transferred to petroleum 
ether and the other reagents removed by washmg first wath distilled 
and then with 90 per cent methyl alcohol The carotene solution 
by filtermg through anhydrous sodium sulfate and the transmittance eter 
rained m a Coleman umversal spectrophotometer 

Influence of Oxtjgen— In an attempt to characterize the reaction, the 
question of whether the reaction would proceed in the absence o 
was mvestigated Test-tubes containmg various carotene-chlorophyll 
mixtures in acetone were subjected to the folio wmg treatments w en ex 
posed to the light source (1) the tube was kept open to air so that omy 
dissolved oxygen and that gamed by diffusion were available, ( ) oir 
bubbled through the solution at a rapid rate, (3) pure tank oxygen w 

* Contnbution No 660 of the Rhode Island Agncultural Experiment Sta 

' S M A Corporation, Chagnn Falls, Ohio 

* The American Chlorophyll Company, Inc , Alexandria, Virgima 
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passed through the mixture, (4) carbon dioxide was bubbled through the 
solution, (5) nitrogen was passed through the solution as described below 
In the absence of oxygen (COj treatment) no destruction occurred, in- 
dicatmg that oxygen is necessary for the reaction to proceed (Table I) 
On the other hand, the amount of destruction of carotene was found to be 
mdependent of the concentration of oxygen supplied, smce identical destruc 
tion resulted when oxygen was obtained only by diffusion from the air or 


Table I 


Effect of Oxygen on Photolysis of Carotene in Presence of Chlorophyll (Exposed to 

Light for 4 tiours) 

The values are given in mg 


Onginsl 

CO 

Equilibrium with 
atmosphere 

Air 

Oxygen 

Chloro- 

phyll 

Carotene 

Chloro- 

phyll 

Carotene 

Chloro- 

phyll 

Carotene 

Chloro- 

phyll 

Carotene 

Chloro- 

phyll 

Carotene 

* 

0 038 


0 039 



M 

0 017 



1 10 

0 025 


0 023 




EESa 



0 44 

0 023 



0 26 

0 001 


am 

0 30 

0 001 

0 25 




0 18 

0 002 



0 17 

0 002 

0 24 

0 038 



0 19 

0 010 

0 19 


0 19 

0 009 

0 0 

0 023 


0 024 

0 0 

0 022 

00 



0 023 


* Chlorophyll present but not determined 


Table II 

Effect of Nitrogen on Photolysis of Carotene in Presence of Chlorophyll {Exposed to 

Light for 4 Hours) 


Treatment 

Carotene 

chlorophyll 


mg 


Original 

0 025 

0 25 

Air 

0 004 

0 IS 

Moderate stream of nitrogen 


0 17 

Rapid stream of nitrogen 


0 23 

Evacuation and flushing inth nitrogen 


0 23 


when pure tank oxygen was passed through the solution Furthermore, 
passmg purified nitrogen through pyrogallol and then through the solution 
stopped the reaction only when a very rapid stream of nitrogen was used 
or other precautions were taken such as prelimmary repeated evacuations 
and flushing with nitrogen to remove all of the dissolved oxygen Table 
II presents some typical results from experiments mvolving nitrogen 
The conclusions to be drawn from these experunents are (1) oxygen is 
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required, but only in small amounts, (2) no mass action effect is observed 
when the concentration of oxygen is increased 
Kinetic Studies — In an attempt to localize the rate-determmmg step, 
the order of the reaction was investigated, but because of ignorance of the 
actual chemical mechanism involved true reaction rates could not be as- 
certamed The r&sults can only be considered relative either to carotene 
or to chloroph\ 11 Aronoff and Mackinney (2) have presented data con- 
cerning the destruction of chlorophyll a and b at different wave-lengths both 
in the presence and absence of carotene Their results favor a second 
order reaction for the photooxidation of the individual chlorophylls alone 
with a tendency towards a first order reaction m the piesence of carotene 
at a wave-length of -1358 A The results given m this papei are somewhat 
at variance with these conclusions, for, although a second ordei reaction 


Table III 

Reaction Velocity Constants 


Mole ratio of 
chlorophyll to 
carotene 

Chlorophyll first order constants 

Carotene zero order constants 

Equation 1 

Equations 2 and S 

Equation 4 

Equation 2 




X J0-> mvU t 

X 10^ note 1 


mtn~^ 

pttft 

m$n 

rttn 

1 30 

-0 0011 

-0 0010 



3 51 

-0 0012 

-0 0013 



5 38 

-0 0015 

-0 0015 



7 31 

-0 0022 

-0 0021 

-0 0134 

-0 0146 

11 90 

-0 0022 

-0 0024 




-0 0017 

-0 0019 

-0 0215 

-0 0164 


-0 0018 

-0 0018 

-0 0185 

-0 0200 

19 08 

-0 0019 

-0 0022 

-0 0142 

-0 0112 

29 35 

-0 0021 

-0 0022 



56 13 

-0 0017 

-0 0017 




was obtained for chlorophyll alone, good straight Imes representing first 
order plots were obtained for chlorophyll m the presence of carotene at a 
numbei of different mote ratios of these two components (Table III) 
A series of stoppered tubes contaming the desired mixture of chlorophyll 
and carotene was exposed simultaneously to the light source Sufficient 
head room was left in each tube to supply enough air so that the quantity 
oxygen was at no time a limiting factor The tubes were removed 
at definite time intervals and the reaction stopped by transferring the 
contents to a 50 ml volumetric flask and placing it in the dark The 
flask was made up to the mark with a mmimum exposure to light and read 
immediately in the colorimetei 

The data were calculated in two wavs to afford a check on the accuracv 
of the results For fimt order leactions, the formula 
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2 303 , Co 

— logo 


(1) 


was used where Co is the original concentration (moles per liter) of the 
component and C the concentration at time t (mmutes) Ki is then the 
first order constant relative to the component 
For confirmation the values of Ki obtamed m this manner were checked 
by calculatmg Ki from the slope of the best straight hne through the ex- 
perimental pomts as given by 


Slope = 771 = 


S(XY) - 


s(x)s(y) 

n 




71 


( 2 ) 


which is an application of the law of least squares (3) Therefore, 

Ki = 2 303771 (3) 


The values of X and Y used were the experimentally determmed values 
of concentration and time, and not the more ideal values obtamed from 
the plot 

In all experiments, a first order constant with respect to chlorophyll 
was obtamed when carotene was present Table III gives the Ki values 
at a number of different mole ratios of chlorophyll and carotene obtamed 
by both methods of calculation The values given m the column beaded 
“Equation 1” are the average of five or six mdividual values obtamed at 
each samphng A typical set of values is —0 0016, —0 0017, —0 0018, 
—0 0017, —0 0017, —0 0017, and —0 0017 mm obtamed at 30 minute 
intervals 

It 13 of mterest to note that the first order rate constants with respect to 
chlorophyll are lower as the mole ratio approaches umty, thus mdicatmg 
a decrease m the rate of the reaction This observation is m accord with 
data of Aronoff and Mackmney (2) who found a “protective” action of 
carotene on the chlorophyll destruction as the carotene concentration was 
increased to a mole ratio of carotene to chlorophyll of approximately 1 8 

In each case the reaction was zero order with respect to carotene 
Straight hnes were obtamed by plottmg concentration against tune and 
good agreement m the rate constants (Ko) were obtamed whether calculated 
from Equation 2 or from 


at 




( 4 ) 


The results are given m Table IH The data m the column headed 
“Equation 4” are the average of five determmations A typical set of 
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values determined at 30 mmute intervals are —0 Oil, —0 Oil, —0 016, 
—0 013, average = —0 013 X 10~® mole liter“‘ mm~* 

Smce the reaction is independent of the concentration of oxygen and 
of carotene (zero order), it can be concluded that the rate-detennuung 
step mvolves the photochemical activation of chlorophyll, which m turn 
results m the oxidation of carotene 

Two possibihties exist as to the mechanism of the reaction First, there 
may be the formation of a complex between the chlorophyll and the 
carotene molecules However, the kmetic measurements mitigate against 
this idea, smce the leaotion is apparently first order with respect to chloro- 
phyll and zero order with respect to carotene Furthermore, Aronoff 
and Mackinney (2) could find no spectrophotometric evidence for such a 
compound formation 

The second and most plausible possibihty is the activation of oxygen 
through the irradiation of chlorophyll to form either a pigment peroxide 
or acceptor peroxide Accordmg to Gaffron (4) the function of the irradi- 
ated chlorophyll m similar reactions is to produce an acceptor peroxide 
which through autoxidation results m the photolysis of the acceptor 
Accordmgly, based on Gaffron’s hypothesis, the mechanism of the reaction 
can be briefly postulated as follows 

Light -t- oxygen + chlorophyll -I- carotene -♦ carotene-peroxide -♦ products of 

carotene photolysis 

Any further discussion is not warranted by the data, and must necessarily 
wait until the products of the reaction are identified 
Effect of Other Photodynamic Materials — Smce eosm, fluorescem, methyl- 
ene blue, and the uranyl ion have proved to be photo chemically active 
m a great number of reactions, the influence of these photodynamic ma- 
terials on carotene was investigated Except for fluorescem, they have 
all produced photolysis of carotene under the experimental conditions 
employed although at different rates The uranyl ion supplied as uranyl 
acetate posed some special problems and will be discussed separately 
Fig 1 mdicates the relatii e rates of reaction Each pomt represents 
the relative amount of carotene destroyed at a given time mterval The 
dyes were each at 50 X 10“® mole per liter at the start and the mitial con- 
centration of carotene was 6 3 X 10~® mole per liter 
It IS evident from the graph that methylene blue is much more effective 
in producmg the photolysis of carotene than is chlorophyll Eosm is 
somewhat less effective, while fluorescem had no effect at all 
A parallel reaction mvolvmg methylene blue is described by Bemheun 
and Dixon (5, 6) m which xanthme oxidase is destroyed by irradiating the 
enzyme m the presence of methylene blue and a trace of oxygen The 
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reaction proceeds through the formation of peroxide, thus suggestmg a 
similarity of the photolysis of carotene in the presence of chlorophyll 
Eosm has previously been shown to resemble chloiophyll in its photochemi- 
cal action although it is less active, as is mdicated above (7) The failure 
of fluorescem to effect the photolysis of caiotene cannot be explained from 
the available data 

The uranyl ion, supplied as uranyl acetate, produced somewhat different 
results Because of the insolubility of uranyl acetate m acetone, all ex- 
peiiments were earned out m 50 per cent acetone in which the uramum 
salt was soluble 

As mdicated in Fig 1, at the concentration of the uranyl ion used (50 X 
10 ~^ mole per litei), the reaction proceeded more slowly than m the presence 



TIME EXPOSED (MINUTES) 

Fig 1 Relative rate of the photolysis of carotene in the presence of methylene 
blue, chlorophyll, eosm, uranyl acetate, and fluorescein 

of methylene blue, and after 60 mmutes reached a maximum However, 
upon further experimentation, it was observed that under the proper 
concentration of uranyl acetate, the reaction proceeded with surprising 
speed, destroying, at the optimum concentration, over 80 per cent of the 
carotene m 30 mmutes 

The optimum late for photolysis of carotene occurred when the uianyl- 
carotene ratio was approximately 50 1 Below this ratio, the rate falls 
of! rapidly, produemg only a 20 per cent destruction of carotene at a mole 
ratio of 25 1 Above the optimum ratio the rate again falls off, but more 
slowlj At a mole ratio of 100 1 the destruction of carotene decreased 
to approximately 50 per cent of the imtial concentration No explanation 
of these observations can be given at present 
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SUMMARY 

1 Oxygen is requiied for the photolysis of carotene in the presence of 
chlorophyll The evidence indicates, however, that only traces of oxygen 
are required and that no mass action effect is pioduced as the concentration 
of oxygen is mcreased 

2 Kinetic studies indicate that the reaction is first order with respect 
to chlorophyll and zero order with respect to carotene 

3 The rate-deternunmg step at constant light mtensity probably in- 
volves the photoreactivit 3 '’ of chlorophyll to produce an acceptor peroxide 
(carotene peroxide) which results in the destruction of carotene through 
autoxidation 

4 Methylene blue and eosin also induced the photochemical destruction 
of carotene Methylene blue was more effective than chlorophyll and 
eosm less effective Fluorescem had no effect 

5 The uranyl ion supplied as uranyl acetate was extremely active as i 
photolytio agent at a mole ratio of uranyl to carotene of approximateli 
50 1 Below this ratio, the rate dropped off rapidly and above thi-. 
ratio the rate decreased more slowly 
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THE RED PIGMENT OF LEGUMINOUS ROOT NODULES* 

Bt E H BUEEIS and ERWEN HAAS 

(From the Department of Agricultural Bacteriology, University of Wisconsin, Madison, 
and the Department of Chemistry, University of Chicago, Chicago) 

(Received for pubhcation, March 31, 1944) 

Pietz (1) observed m root nodules of horse-beans {Vicia faba) a red 
pigment capable of reversible oxidation and reduction depending on the 
presence of oxygen He concluded that this substance was identical 
with 5,6-qumone-2,3-dihydromdole-2-carbo\ylic acid, the red mtermediate, 
obtamed by Raper (2) upon enzymatic oxidation of tyrosme Kubo (3) 
has described a method for the extraction and fractionation of the red 
pigment from legummous root nodules and has reported, contrary to Pietz, 
that it IS a hemoglobm-like substance He used a crude extract of soj 
beans, and his observations were limited to the visible range of the spectrum 
mthout consideration of the blue region of the spectrum which shows 
absorption bands typical for hemm compounds His description of two 
absorption maxima at 575 and 540 tap for the oxidized form and one 
maximum at 555 mp for the i educed form was based on observations made 
with a micro spectroscope The red pigment in the impure extract was 
present m the reduced state, but temporary reversible oxygenation occurred 
durmg the tune the solution was shaken with air The experimental data 
obtamed here with the substance purified by precipitation are in disagree- 
ment with the classification of this chromoprotem either as a quinone- 
or a heraoglobin-like compound 

The red pigment of root nodules of cow-peas (Vtgna sinensis) was purified 
by the method of Kubo The material obtamed by fractionation with 
0 50- to 0 75-fold saturation with respect to ammonium sulfate w as dialyzed 
agamst water and finally dissolved m 0 05 ii phosphate buffer of pH 7 1 
The relative absorption spectrum of this solution as shoivn m Fig 1 was 
determined by photoelectnc spectrophotometry (4), light absorption (log 
h/I) bemg plotted as a function of the wave-length The absorption line 
m the blue region, which is characteristic for hemm compounds, dis- 
tmguishes this substance from the quinoid intermediate proposed by Pietz, 
since Mazza and Stolfi (5) have found the absorption maximum of the latter 
compound at 539 mp The spectrum of the oxidized form exhibits onlj 
one band m the visible range at 530 tap m contrast to the hemoglobm-likc 
double band reported by Kubo After deoxygenation of the solution the 
spectrum of the oxidized form remains unchanged, mdicatmg true oxidation 

* Thia research was aided by grants from the Rockefeller Foundation 
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and not mere oxygenation of the red pigment Reduction by hydrosulfite 
13 accompanied by a considerable change of the absorption spectrum, as 
mdicated m Fig 1 Like other hemm compounds the band m the blue 
region of this pigment is shifted to a longer wave-length upon reduction 
Contrary to the process reported m hemm-contammg protems, reduction 
IS here followed by an unusual decrease m light absorption In summary, 
the spectrum definitely shows that the pigment is a hemin compound but 
not a qumoid compound The method of preparation, which mcludes 



ammonium sidfate precipitation m a narrow range and subsequent dialysis, 
mdieates that the substance is a compound of high molecular weight, most 
probably a protein The fact that it is precipitable by trichloroacetic acid 
and by heat and has a nitrogen content of 16 0 per cent is further indicative 
of its protein nature Its behavior towards oxygen mdieates that it is not 
a hemoglobm-like substance 

The regular occurrence of a led pigment m root nodides suggests a pos- 
sible role foi it m the respiration of this tissue, Kubo has reported that it 
stimulates the respiration of Rhizobium japontcum Attempts were made 
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here to deteimine the poasibilitj' of an mteiactiou between the led pigment 
and reconstructed diphosphopyridine nucleotide or tnphosphopyndme 
nucleotide systems Measurements were made at 430 m/i because the 
greatest difference between the absorption of the ovidized and reduced com- 
pound occurs at this wave-length No leduction of the red pigment could 
be achieved by dihydrodiphosphopyridme nucleotide or dihydrotriphospho- 
pyridme nucleotide The pigment remained m its oxidized form even 
after simultaneous addition of the reduced coenzymes togethei with a 
“Lebedev” juice containing high concentrations of cytochrome reductase, 
alcohol dehydrogenase, yellow enzymes, etc No evidence has been found 
to demonstrate any functional role of the pigment in tissue oxidations by 
way of the diphosphopyridine nucleotide or tnphosphopyndme nucleotide 
systems 
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I THE RATE OP TURNOVER OF LIVER AND CARCASS GLYCOGEN 
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(From the Department of Biochemistry, College of Physicians and Surgeons, Columbia 
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(Received for publication, June 13, 1944) 

During the synthesis of glycogen in the animal body it has been shown 
that stably bound deutenum may be mtroduced if the body fluids are 
ennohed with heavy water (1, 2) This fact makes possible the detenmna- 
tion of the rate of turnover of glycogen m normal animals at constant 
weight We have therefore mvestigated the rates of turnover of both 
hver and carcass glycogen by the expedient of ennchmg the body flmds 
of rats with D^O, mamtaimng a uniform level of DjO m the body fluids 
for varymg periods of time, then kilhng the animals, and isolatmg glycogen 
from the hver and carcass Comparison was made between the deutenum 
concentration m these samples and that m the body water 
In all the experiments to be descnbed, adult female rats were used 
They were kept on the experimental diet, which contamed 60 per cent glu- 
cose and no fat, until constant body weight was attamed Sufficient 
DjO was then mjected subcutaneously to raise the deutenum level of the 
body fluids to approximately 2 per cent, and at the same time the d n n k mg 
water was replaced by 3 5 per cent DjO Animals were killed at mtervals 
from 3 hours to 16 days after admmistration of heavy water was started 
Glycogen was isolated from the hver and carcass, and, for comparative 
study, the hver fatty acids were also obtamed 
From the results m Table I, it is evident that the deutenum concentra- 
tion m hver and carcass glycogen has mcreased with tune It may be 
shown that if the total quantity of any body constituent remains constant, 
if the amount replaced per umt time is constant, and if the synthetic process 
mvolves the uptake of isotope from a reservoir of constant concentration, 
the equation 


la = u (1) 

represents the relationship between the isotope concentration of that body 
constituent and tune Here, t is the isotope concentration at tune i, 

* This work was earned out with the aid of grants from the Nutntion Foundation, 
Inc , and the Josiah Macy , Jr , Foundation 
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^mai , the isotope concentration at infinite time, and k, the fraction of the 
constituent replaced per umt time In the present senes of experiments 
the three conditions necessary for the application of this equation have been 
approxiinated in so far as the body weight, diet, and level of deuterium m 
the body fluids were constant durmg the period of observation The 
quantities of glycogen recovered from each of the sue ammals did not vary 
sigmficantly 

Table I 

Uptake of Deuterium from Body Water 

Si\ adult rats were maintained at constant eight on a high carbohydrate diet 
The body fluids Mere enriched with DjO for varying periods of time, the rats then 
killed, and liver and carcass glycogen, as well as liver fatty acids, analyzed for 
deuterium The values are reported ns fa) the actual analytical figures, and (b) 
recalculated for 100 atom per cent deuterium in the body fluid 


Concentration of deuterium 


1 

Duration 

Analytical figures 

1 Recalculated values 


Body water 

Liver fatty 
acids 1 

Liver 

glycogen | 

Carcass gly 
cogen 

Liver fatty 1 
acids j 

Liver 

glycogen 

Carcass 

glycogen 

1 

days 

a((jm per 
cent D 

aiam per 
cent D 

atam per 

1 cent D 

atom per 
cent D 

ter cent of 
oody xcater 

I fer cent oj 
\ body voter 

fer cent of 
body vcifer 

0 125 

i 2 23 

0 120 

0 013 

0 037 

5 4 

\ 0 6 

1 1 7 

1 

I 2 45 

0 379 

0 480 

0 074 

15 5 

19 6 

3 0 

2 

2 32 

0 508 

0 380 

0 141 

21 9 

16 4 

6 1 

4 

2 23 

0 018 

0 523 

0 212 

27 8 

23 6 

9 6 

8 

1 94* 

0 695 

0 560 

0 386 

35 8 

28 8 

19 9 

16 

1 78* 

0 674 

0 514 

0 432 

37 8 

28 9 

24 3 


* In these e\periment3 of long duration, somewhat lower concentrations of DjO 
were employed, in the interests of economy 


In order to evaluate k, an extrapolated value for z,„ax has been obtained 
from the equation 


where zi is the isotope concentration at time h and it the isotope concentra 
tion at time fs = 2ti The isotope values for the 8 and 16 day experiments 
were employed in this extrapolation The values of the function 
In Zmai/(i.nax “ ») havc been plotted against time and the best straight 
hnes fitted to the resulting points by the method of least squares (Fig 1) 
The slopes of these lines are equal to k m each case The half life of each 
substance has also been calculated from the equation 

In 2 

“ “ T 


( 3 ) 














D faaETTE^, JH , and G E BOXES 


233 


From these results, given m Table II, the quantity of glycogen turned 
over per rat per day may be estimated The mean weight of liver glycogen 
recovered irom the si\ animals was 547 ± 68 mg , and of carcass glycogen, 
331 dr 41 mg The weight of glycogen turned over per rat per day was 
therefore 0 68 X 547 == 372 mg in the liver, and 0 19 X 331 = 63 mg 
in the carcass, or about 435 mg m all During the experimental period 
the rats consumed approvimately 23 gm of diet, or about 14 gm of glucose 
per day Of this, only 0 44 gm , or about 3 per cent, was handled by way 
of glycogen 

4 

* 

2 

0 

6 

0 

<5 

4 

2 


0 2 4 6 8 10 12 14 16 

om 

Fiq 1 Uptake of deuterium from the body water The values of the function 
inimji/boui ~ i) have been plotted against time and the best straight lines deter- 
mined by the method of least squares 

It IS of interest to speculate on the metabolic pathway of the remaining 
97 per cent of the ingested glucose A portion may well have been burned 
directly, without preliminary glycogenesis Another portion was un- 
doubtedly converted to fatty acid The magmtude of this fraction may be 
estimated from the xmlue for L for the body fatty acids of rats on a lugh 
carbohydrate diet, calculated from the results of Bernhard and Bullet 
(3) as 0 077 day"’ As our ammals contamed about 25 gm of fattj acids, 
approximately 0 077 X 25 = 1 9 gm of fatty acids were burned each day 
As the animals were on a fat-free diet and at constant weight, it must be 
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presumed that an equal quantity of fatty acids, newly synthesized from 
glucose, was deposited If it is further assumed that glucose is imtiaUy 
spht to 3-carbon fragments, and that only 2 of these 3 carbon atoms are 
directly available for fatty acid synthesis, it may be calculated that at least 
5 gm of glucose were needed to synthesize 1 9 gm of fatty acids In other 
words, m our rats on a high carbohydrate, fat-free diet more than 10 times 
as much of the dietary glucose was used each day in the synthesis of fatty 
acids as was consumed in the synthesis of glycogen From our results it 
must be concluded that, at least in the well nounshed rat on a high carbo- 
hydrate diet, glycogen represents a quantitatively mmor pathway of glu- 
cose metabolism ' 

The maximal isotope concentrations m both the liver and carcass 
glycogen, achieved only m infimte time under our experimental conditions, 
lay between 25 and 30 per cent of the deuterium concentration in the body 

Table II 

Rate of Turnover of Liver Glycogen, Carcass Glycogen, and Liver Fatly Acids 
The fraction of each constituent replaced per day, k, and the half life of each 
constituent, q, have been calculated from the figures in Table I The nia\imal 
isotope concentrations, imx , expressed aa per cent of the isotope concentration of 
the body water, are also given 


Body coQ&utueat ! 

k 

‘i 

fslAX 


day * 

days 

cent cj 
body vjaler 

Liver fatty acids 

0 37 

1 9 

37 9 

“ glycogen 

0 68 


28 9 

Carcass glycogen 

0 19 

! 3 6 ] 

25 5 


water We consider these maxima to be m good part the results of the 
conditions selected, for, as ivill be shown in subsequent publications, these 
values may be exceeded either by change of diet oi by disease The 
simplest explanation of these values is that glycogen is made by two types 
of processes m the animal The one process, the more or less direct 
combmation of dietary hexose molecules, would not be expected to in- 
troduce much deuterium into the resultmg glycogen The second process 
would be glycogenesis from fragments smaller than hexose In such a 
process it is conceivable that each H atom m the resultant glycogen was, at 
some stage, either m equihbnum with or derived from the body water 
Such a process would result m a glycogen of the same isotopic composition 
as the body water In the course of isolation and purification of glycogen, 
however, a fraction of the labeled H is necessanly lost From consideration 
of its formula, and from a report by Ussmg (1), about 3 out of every 10 
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hydrogen atoms of glycogen would be expected to be immediately av 
changeable with water We have determmed the fraction of immediately 
exchangeable H m glycogen by preparing a solution of glycogen m heavy 
water, evaporatmg to dryness, and analyzing the residual glycogen for 
deuterium The deuterium concentration of this glycogen was 34 per cent 
of that of the water, indicatmg that 66 per cent of the hydrogen m glycogen 
IS stably bound Therefore, even if a sample of glycogen in the animal 
were of the same isotopic composition as the body water, the highest 
deutenum concentration that could be expected in this glycogen after 
purification by repeated precipitation from normal water would be 66 
per cent of that m the body fluids We mterpret the fact that our values 
for Jmax (Table II) were less than half of this theoretical maximum to mean 
that m the synthesis of liver and carcass glycogen both types of processes 
have contributed, and to approximately the same extent m both cases 

EXPEHlMENTAL 

The diet used throughout consisted of glucose monohydrate 60 parts, 
casern (Labco, vitamm-free) 22 parts, yeast powder 6 parts, salt mixture 
(4) 6 parts, and roughage (Celluration) 6 parts Adult female rats of the 
Sherman strain, weighmg from 267 to 300 gm , were kept m mdividual 
cages and offered the diet and water ad libitum When constant weight 
was attained, deutenum oxide was administered by mjection and m the 
drmkmg water, as descnbed above The animals were killed by a blow 
on the head and immediately eviscerated The hvers were placed m hot 
30 per cent aqueous KOH and heatmg was continued until complete dis- 
mtegration had taken place The eviscerated carcasses were mmced and 
treated m the same manner as the hvers The total time consumed be- 
tween killmg of the rat and imm ersion of the tissues in alkali was less than 
10 mmutes 

The same procedure was employed for the isolation of glycogen from 
hver and from carcass The alkahne digest was filtered through glass wool 
and 1 2 volumes of 95 per cent ethanol were added The precipitate was 
removed by centrifugation and washed with 60 per cent ethanol Fatty 
acids were isolated from the supernatant solution The precipitated 
glycogen was extracted with three portions of 10 per cent trichloroacetic 
acid and reprecipitated from the combmed extracts by addition of I 2 
volumes of ethanol The glycogen was further purified by two successive 
precipitations from distilled water As glycogen precipitates poorly m the 
complete absence of electrolytes, it was found advantageous to add a crystal 
of hthium bromide at the time of the last alcoholic precipitation This 
salt was selected because of its solubihty m alcohol The final product was 
washed with mcreasing concentiations of ethanol, finally with acetone, and 
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was dned in vacuo over P 2 O 6 at room temperature It conlamed less than 
1 per cent of ash, and less than 0 05 per cent of N After acid hydrolysis, 
it yielded from 96 to 102 per cent of the glucose required by theory 

In ordei to demonstrate that none of the othermse stably bound hydro- 
gen atoms m glycogen were rendered labile by concentrated alkah, normal 
glycogen i\as refluxed foi 18 hours with 30 per cent KOH in 3 per cent 
DjO The glycogen, isolated and purified as described above, contamed 
no deuterium 

To ascertain the per cent of readily exchangeable hydrogen m glycogen, 
a 10 per cent solution of normal glycogen was prepared in approximately 
3 per cent DjO and kept at room temperature for 24 hours The solution 
was frozen, and water removed by sublimation at high vacuum The col- 
lected water contained 2 72 atom per cent deuterium, and the dned glyco 
gen, 0 913 atom per cent deuterium Thus, 33 5 per cent of all the hydrogen 
atoms of glycogen had undergone exchange 

Deutenum analyses were carried out by the falling drop techmque 

( 5 ) 


SUMMXRl 

From observations of the uptake of stably bound deutenum mto hvet 
and carcass glycogen in adult rats at constant weight, when the body 
fluid was mamtained enriched with DjO, the rate of turnover of these 
substances has been calculated The half life of hver glycogen was found 
to be about 1 day, that of carcass glycogen about 3 6 days 

It was calculated that on the high carbohydrate diet employed only about 
3 per cent of the dietary glucose was handled by i\ay of glycogen and that 
at least 10 times as much of the dietaiy glucose was used to synthesize 
fatty acids as was used to synthesize glycogen 
Evidence has been presented to support the view that both liver and 
carcass glycogen are foimed m part from dietary glucose and m part from 
smaller units 
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STUDIES IN CARBOHYDRATE METABOLISM 

II THE GLYCOGENIC RESPONSE TO GLUCOSE AND LACTATE IN THE 
PREVIOUSLY FASTED RAT* 

By GEORGE E BOXER and DeWITT STETTEN, Jb 

(Prom the Deparlmenl of Biochemtatry, College of Physicians and Surgeons, Columbia 
University, Neie York) 

(Received for publication, June 13, 1944) 

In Paper I of this senes a study of the rate of turnover of hver and 
carcass glycogen in well nourished rats at constant weight on a high 
carbohydrate diet has been reported (1) It was concluded that under 
these conditions the half life of liver glycogen was about 1 day, that of 
carcass glycogen about 4 days These conclusions were arnved at by 
determination of the rate of increase of deuterium concentration m glycogen 
when the body fluids of rats were ennehed with heavy water, and it was 
noted that in these e\periments the deuterium concentrations of both 
liver and carcass glycogen approached asymptotically values of 25 to 30 
per cent of that m the body water 
This finding has been provisionally mterpreted to indicate that both hver 
and carcass glycogen are synthesized by two types of processes The one 
process, direct couphng of dietary glucose molecules, would introduce little 
isotope into glycogen, whereas the other, glycogenesis from fragments 
smaller than hexose, might conceivably result m glycogen of the same 
isotopic composition as the body water We have previously stated the 
reasons for our belief that, if the hydrogen in glycogen in the animal did 
indeed contain the same concentration of deutenum as the bodj water, 
it would con tarn only 66 per cent as much deuterium as the body water 
after the exchangeable deutenum had been lost dunng isolation 
Con (2-4) has shown that the administration of glucose or lactate to 
a previously fasted rat is promptly followed by the synthesis of new 
glycogen and Hastings and collaborators (5-9), employing C“, have in- 
vestigated the sources of the carbon m the glycogen sjmthesized under 
these conditions In the present experiment w'e have set out to determine 
the deutenum concentration of hver and carcass glycogen synthesized in the 
previously fasted rat in response to adnumstration of glucose or lactate, 
when the body fluids were ennehed wnth DjO In each of the experiments 
to be discussed, six adult female rats were first fasted for 24 hours Suf- 
ficient DiO was then mjected subcutaneously to bring the level of deu- 

* This work was earned out with the aid of grants from the Nutrition Foundation, 
Inc , and the Josiah Macy, Jr , Foundation 
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tenum m the body water to a value of approximately 1 2 to 1 3 per cent 
Feedings were given by stomach tube 1 hour after mjection, glucose in one 
case, and dMactic acid, half neutralized, m another A third group of 
animals received no feedmg 4 hours after the mjection of DjO, the 
grumnlR were killed, glycogen as well as fatty acids isolated from the livers 
and carcasses, and their deuterium concentrations compared with those 
of the body water 

The vahdity of the procedure of administenng all the isotope at one tune 
m the form of a smgle mjection of DiO was confirmed by the actual deter- 
mination of the rate of decrease of deutenum concentration m the body 
fluids foUowmg such an mjection The concentration of deutenum m the 



Fig 1 Decrease in deutenum concentration of unne water The values of the 
function In (lo/i) have been plotted against time 

urme water was deteimmed at mtervals aftei an injection of DjO, and the 
fraction of hydrogen m water replaced per day, k, was evaluated from t e 
solution of the equation 

kt — \n (loA) 

where to is the isotope concentration at zero tune and t the isotope con- 
centration at time t thereafter (Fig 1) The value of k, under our expen- 
mental conditions, was found to be 0 192 day^^ and the half tune o re- 
placement of water molecules, with respect to their hydrogen content, 
3 62 days During the 4 hour period of the short tune expeninen > ® 

deutenum concentration of the body fluids should not have decreas y 
more than 3 5 per cent 
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Before we discuss the significance of the values in Table I, it should 
be pointed out that in well nourished rats on a high carbohydrate diet the 
deutenum concentrations of hver and carcass glycogen had reached values 
of 0 6 and 1 7 per cent respectively of that in the body water 3 hours after 
the injection of DjO (1) The uptake of deutenum mto glycogen is a very 
much more rapid process m the previously fasted arumal than m the well 
nourished animal 

In the animals that were simply fasted, the isotope concentration of 
the hver glycogen had risen to 25, of the carcass glycogen to 12 per cent 
of that m the body water We cannot estimate the maximal values of 
these isotope concentrations, and are therefore unable to calculate the 
rate constants To have reached these levels, however, at least 38 per cent 
of all the hver glycogen and 18 per cent of all the carcass glycogen must 

Table I 

Uptake of Deutenum from Body Water 

Deutenum oxide was injected subcutaneously into three groups of six adult rats 
each that had previously been fasted for 24 hours To the first group no food was 
given, but the second and third groups were given glucose and lactate respectively 
by stomach tube 1 hour after the injection The rats were killed 4 hours after in 
jection 
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water 

Liver 
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1 19 




0 014 

25 1 

11 9 

0 3 

1 2 




1 29 

ISC' 

KC [ij 


0 011 

38 1 

14 2 

1 2 

0 9 




1 28 


Bi 

0 022 

0 028 

57 0 

15 4 

1 7 

2 2 


have been synthesized m the last 4 hours of life In the same tune mter- 
val, the well nourished rats would have synthesized only 11 per cent of 
their hver glycogen and 3 per cent of their carcass glycogen 
When glucose was given to previously fasted rats 3 hours before death, 
the quantity of glycogen recovered from the livers was 17 5 tunes greater 
than m the fasted control nnimals This material was but slightly diluted 
by preexistmg non-isotopic glycogen and its deutenum concentration 
must therefore be a close approach to the maximal value for glycogen 
synthesized m the hvers of the previously depleted animals ivhen glucose 
13 fed The isotope value, 38 per cent of the deutenum concentration m 
the body water, is appreciably higher than the maximal value achieved 
only at infimte tune m well nourished animals, 29 per cent (1) This 
leads to the conclusion that a greater proportion of the hydrogen atoms of 
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glycogen had been denved from the body water in the previously fasted 
ammal than in the well nourished animal The most plausible explanation 
for this finding is that the precedmg penod of fastmg results in a preference 
of glycogenesis from fragments smaller than hexose rather than from 
dietary glucose directly This is m accord with the observation of Vennes- 
land, Solomon, Buchanan, and Hastings (8) that glycogen synthesized 
m response to glucose administration to previously fasted rats contamed 
C“ if NaHC^Os were simultaneously mjected 

The quantity of glj cogen recovered from the livers of the rats that were 
given lactate was more than 4 times that in the fasted control rats The 
isotope concentration of this glycogen was 57 per cent of that in the body 
water We have previously shown that 34 per cent of all the hydrogen m 
glycogen is exchanged on solution in water It follows that, if a sample 
of glycogen, after purification by repeated precipitation from water, has 
66 per cent as high a concentration of deuterium as the body water of the 
animal from which it was obtamed, the glycogen must in vivo have been 
of the same isotopic composition as the body water The analytical value 
in the present experiment, 57 per cent, is a very fair approximation to this 
theoretical maximum It mdicates that during glycogenesis from dietary 
lactic acid essentially all of the hydrogen m the new glycogen is either 
denved from or exchangeable wth the body water at some stage 

From the fact that a sample of glycogen of almost the predicted maximal 
deutenum concentration has been obtained, it may further be concluded 
that, under the conditions of our isolation procedure, the carbon-bound 
hydrogens of glycogen are stable 

It is now possible to interpret earher expenmen ts m which hver glycogen 
was isolated from rats receiving D 2 O kept on complete and thiamme de 
ficient diets (10) After 5 days on D 2 O, the glycogen from the livers of 
rats on the complete diet contamed 19, on the thiamine-deficient diet, 41 
per cent of the isotope concentration m the body water The process of 
glycogenesis in the thiamme-deficient rat favored the mtroduction of more 
deuterium from the body water than in the normal control animal This 
IS taken to mean that m thiamine deficiency glycogenesis proceeds pre- 
ponderantly from fragments smaller than hexose, possibly chiefly from 
pyru\ ate 

Of the carcass glycogen samples isolated, it may be pointed out that 
their deuterium concentrations are from one half to one-fourth those of the 
correspondmg hver glycogens The rate of incorporation of deutenum 
mto carcass glycogen was much more rapid in these fasted animals than 
it was m the well nourished rats Since fasting does not deplete the muscle 
of glycogen to tin same extent as the livei (2), the newly synthesized 
deuteno gl> cogen must be assumed to be diluted by non-isotopic glycogen 
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initially present in the muscle The isotope concentrations found m the 
carcass glycogen samples cannot, therefore, be considered as maxnnal 
values 


V EXPERIMENTAL 

The determination of the rate of turnover of body water was earned 
out on an adult female rat of the Sherman stram The rat nas kept at 
constant n eight, 300 gm , on a diet previously desenbed (1) Food and 
water were given ad hbituin 7 cc of 99 5 per cent DjO were mjected 
subcutaneously and unne samples were obtained after 1, 3, 5, 7, and 9 
days Each sample represented the unne output over a 3 hour period, 
from hours before to hours after the time stated Water was dis- 
tilled off and analyzed for deutenum The best values for k and lo were 
obtamed from the isotope analyses by the method of least squares The 
half life, ti , was then calculated from k The results are given graphically 
in Fig 1 

A. = 0 1917 ± 0 0011 day-1 

q = 3 62 days 

io = 2 94 atom per cent D 

The animals used m the glycogen expenments were female adult rats 
averagmg 200 gm m weight They were taken off the stock diet 24 hours 
before injection of DjO, but water was offered ad hbttam The rats lost 
from 8 to 9 per cent of their body weight dunng this fast 1 cc of 99 5 
per cent D^O was mjected hypodermically per 100 gm of body weight 
Tube feedmgs were earned out by the techmque described by Levm (11) 
250 mg of glucose m 1 25 cc of water were admimstered to each rat of one 
group and 400 mg of dMactic acid, half neutralized with NaOH, m 1 25 
cc of water, were given each rat of another group The animals were killed 
exactly 4 hours after mjection of DjO, and their bodies worked up as de- 
senbed m the previous report (1) 

SUMMARY 

The uptake of deutenum m the liver and carcass glycogen of the rat, 
after injection of DjO, has been studied m fasted animals and m animals 
fed glucose or lactate after previous fasting 

The appearance of deutenum m glycogen proves to be a very much more 
rapid process m the fasted than m the well nourished rat 

Previous fastmg favors a process of glycogenesis in response to ingested 
glucose that results m glycogen nch m isotope This is interpreted as 
indicatmg glycogenesis from fragments smaller than hexose rather than 
from dietary glucose directly 
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Glycogenesis from dietary lactate gives liver glycogen of nearly the 
maximum deutenum concentration theoretically possible, mdicatmg that 
durmg synthesis all the hydrogen is derived from or exchangeable with 
body water 

Additional evidence for the stabihty of the carbon-bound hydrogen 
in glycogen is presented 

The half time of replacement of the hydrogen m body water m the rat, 
under our experimental conditions, was mcidentally determmed to be 
3 6 days 
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The formation of acetic acid as a product of mtermediary metabolism 
has frequently been postulated Animal tissues can metabohze acetic acid 
at a rapid rate (1), so that its concentration m the body fluids at any given 
time may be too small to permit its detection by means of the analytical 
methods available A demonstration of acetate formation tn vtvo will be 
feasible, however, if acetate enters mto intermediary reactions leadmg to 
a fixation of the Cz unit m compounds which are eithei stored m the tissues 
or excreted Three reactions are known to occui m mtact animals which 
mvolve utilization of the carbon atoms of acetic acid, m , acetylation of 
foreign ammes (2), formation of ketone bodies (3), and formation of choles- 
terol (4) The appearance of isotope in the product of any one of these 
processes iviU, after administration of an isotopic compound, be taken as 
evidence for the formation of acetic acid from the compound tested Of 
the three processes, the acetylation of foreign ammes appears to be the 
most suitable one for demonstration of acetate formation, for the quantities 
of ketone bodies excreted by normal animals are insufficient for isolation, 
while cholesterol synthesis proceeds at a rate so slow that extended feedmg 
penods are required in order to demonstrate utilization of acetate 
Proof for acetylation of ammes tn vtvo by acetic acid was first furnished 
by Bernhard (2) who observed the excretion of deuterio acetyl derivatives 
when a foreign attune and deuterio acetic acid were administered to dogs 
The same mvestigator employed the acetylation reaction to demonstrate 
the biological oxidation of ethanol to acetic acid by the mtact animal (5) 
We have studied the acetylation reaction by acetic acid m somewhat 
greater detail ^ The quantitative results suggested that acetate was pro- 
duced by animal tissues m relatively large amounts and raised the question 
as to its origm The findmgs reported here are mterpreted on the assump- 
tion that acetic acid is a direct acetylatmg agent and that the appearance 
of deuterio acetyl groups is proof of the mtermediary formation of deuteno 
acetic acid from the isotopic test substance 
The formation of acetic acid as an oxidation product of fat is suggested 
in the oxidation scheme of Knoop, although the exact nature of the Ci 
umts ansmg m the breakdown of fatty acids has never been determmed 

‘This work was earned out with the aid of grants from the Josiah Macy, Jr , 
Foundation and from the Nutrition Foundation, Inc 
* Unpublished results 
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We have prepared a number of deuterium-contaimng compounds and have 
tested their abihty to give rise to isotopic acetyl groups The findings 
obtained are entirely consistent with the jS oxidation theory 
The question whether acetic acid is formed as an mtermediate m the 
oxidative breakdo^vn of carbohydrates is still unanswered The oxidative 
decarboxylation of pyruvic acid known to be carried out by microorganisms 

(6) has yet to be demonstrated in intact animal tissues The dismutation 
of pyruvate into lactate and acetate, demonstrated by Krebs m liver slices 

(7) , may involve a different mechanism When deuteno aJanme was ad- 
ministered to rats, high concentrations of deuterium appeared m the acetyl 
group of the acetylphenylammobutyric acid excreted This findmg leads 
to the conclusion that the oxidative decarboxylation of pyruvate to acetyl 
occurs m intact animal tissues 

EXPERIMENTAL 

Preparation of Isotopic Compounds 

Sodium Deuteno Acetate— This compound was prepared from malonic 
acid as previously described (4) It eontamed 27 6 atom per cent excess 
deuterium 

Dideuteno Succinic Aad — This compound was prepared from fumanc 
acid as described before (4) It eontamed 26 9 atom per cent excess 
deuterium 

Sodium Dideuteno Propionate — This compound was prepared as pre 
viously described (8) It contained 34 4 atom per cent excess deuterium 
Sodium Dideuteno Butyrate — The sodium salts of the a,/8- and /3,7 
dideuteno butyric acids were prepared as previously described (4) They 
contained 22 0 and 16 0 atom per cent excess deuterium respectively 
Sodium n-Deuteno Valenc Acid — This compound was prepaied by the 
platinum-catalyzed exchange reaction betw’een sodium valerate and D 2 O 
It contained 17 3 atom per cent excess deuterium 
Deuteno Ethyl Palmitate — Dry normal acetylene was circulated m 
closed system through a hydratmg mixture of 9 cc of DoO, 1 2 cc of con- 
centrated HjSO^, and 1 0 gm of HgS 04 kept at 70° After most of the 
water m the exit gases was removed by a reflux condenser, the acetalde 
hyde xvas condensed m a dry ice trap Fresh acetylene was contmuously 
added to replace that reduced to acetaldehyde or dissolved m the hquid 
acetaldehyde After 10 liters of acetylene had been mtroduced, the uptake 
of acetylene ceased The contents of the dry ice trap were brought to 0 , 
when much gas, presumably dissolved acetylene, was evolved 
The acetaldehyde was reduced with hydrogen over a mckel catalyst (9) 
Hydrogen saturated wuth deuteno acetaldehyde at —30° was slowly passed 
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over this catalyst kept at 150° The exit gases were passed through a trap 
kept at — 10° 

The liquid condensed at —10° was warmed to 25° A small amount of 
unchanged acetaldehyde evaporated About 10 cc of liquid (alcohol + 
water) were obtamed The alcohol m this was converted mto deuteno 
ethyl 3,5 dmitrobenzoate, 33 0 gm , mp 93°, 16 5 gm of which were 
hydrolyzed by boiling alkali The resultmg alcohol (3 2 cc ) was dried 
with K2CO3 and warmed on a steam bath for 3 hours with 26 gm of palmi- 
toyl chloride The reaction mixture was diluted with ether, washed ivith 
K2CO3 solution, and mth water, and distilled The main fraction, 12 26 
gm , b p 140-150° (2 mm ), contamed 3 40 atom per cent excess deutenum, 
from which the methyl group of the ethyl alcohol can be calculated to 
contam 40 8 atom per cent excess deuterium 

In order to determine the position of the deuterium m the deuteno 
alcohol another sample of acetaldehyde was reduced to alcohol and con- 
verted to ethyl butyrate, b p 119 5-1215° This contamed 13 1 atom per 
cent excess D, corresponding to ethyl alcohol with 26 2 atom per cent 
deuterium A sample (1 96 gm ) was hydrolyzed with alkali and the alco- 
hol oxidized with KMn04 m dilute H2SO4 The acetic acid was distdled 
off and converted mto sdver acetate (1 4 gm ), of which 903 mg , burned 
for the deutenum analysis, yielded 582 mg of silver (theory 583 mg ) and 
contamed 50 3 atom per cent excess deuterium If all the deuterium m 
the ethyl alcohol were m the methyl group, the derived silver acetate should 
contam 52 4 atom per cent excess The agreement is excellent, very httle 
deutenum can have been lost by exchange during the conversion of ethyl 
alcohol to acetic acid (10), and httle can have entered the acetylene by 
exchange wnth the hydratmg mixture (11) 

10,11-Dideuteno Ethyl Undecylaie — ^Ethyl undecylenate was hydrogen- 
ated m ether solution with D2 gas The ester contamed 7 19 atom per cent 
excess D, corresponding to an isotope concentration of 31 2 atom per cent 
excess m the termmal methyl group 

Deuteno Alamne — 5 cc of freshly distilled pyruvic acid (0 072 mole) 
and 8 cc of concentrated NHj solution (0 144 mole) w'ere dissolved m 
100 cc of 80 per cent ethyl alcohol and reduced with D™ gas and palladium 
black (12) After 5 hours, 1600 cc of gas were absorbed The alanme 
isolated contamed 10 0 atom per cent excess deutenum N (ICjeldahl) 
found, 15 5, calculated for CsHe 3D0 7O2N, 15 6 per cent 

0 1000 gm of deuteno alanme was mixed with 1 7002 gm of normal 
alanme, dissolved m 300 cc of HaO, and the pH brought to 5 5 by the 
addition of phosphonc acid 1 mole of chloramme-T was added and the 
solution kept at 40° for 1 hour The acetaldehyde was distilled off To 
the distillate (100 cc ) were added 20 cc of 85 per cent H3PO4 and 1 5 gm 
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of KMn 04 The mixture was kept at room temperature for 18 hours, 
then refluxed for 15 minutes Half the water was distilled over, the excess 
KMnOi was reduced -with H 2 O 2 , and the bulk of the acetic acid vas dis 
tilled with four successive additions of 50 cc of water The distillate was 
neutralized ivith K2CO3 and taken to dryness The potassium acetate, 
extracted ivith hot absolute alcohol and dned at 100° m vacuo, contained 
18 2 atom per cent excess deuterium 

From the isotope concentration of the alamne and the acetate derived 
from it, it can be calculated that the a-hydrogen atom of the alanme con- 
tained 15 4 and the methyl group 18 2 atom per cent excess deuterium 

Ethyl Deuteno Mynslate — Deuterio mynstic acid ivith 29 8 atom per cent 
excess D, piepared by catalytic exchange with D 2 O, was estenfied mth 
ethyl alcohol 

Ethyl Deuteno Stearic And — 40 cc of linseed oil were dissolved m 70 cc 
of dry isoamyl ether and reduced catalytically with D 2 and Ft The 
product was hydrolyzed ivith 7 per cent alcoholic KOH, and the free fatty 
acids were estenfied wnth ethyl alcohol The nuxture of esters, b p 162- 
177° (2 mm ), weighed 27 4 gm and contamed 5 80 atom per cent excess D 

Feeding Expenments — Eats weighmg about 250 gm were used in all 
experiments The test substance was mcorporated into the stock diet of 
the followmg composition 71 per cent corn-starch, 16 per cent casein, 
5 per cent yeast, 4 per cent salt mixture (13), 2 per cent cod liver oil, and 
2 per cent sodium chloride The large daily consumption of water result 
mg from the high content of sodium chloride m the diet kept the isotope 
concentration of the body fluids low In the experiment m which ethyl 
deuterio myristate was fed, the diet consisted of casein 85 per cent, yeast 

5 per cent, bone meal 2 per cent, cod liver oil 2 per cent, salt mixture 4 per 
cent (13), and sodium chlonde 2 per cent The animals consumed from 
10 to 15 gm of these diets daily In aU experiments dZ-phenylammo 
butyric acid, prepared accordmg to du Vigneaud and Irish (14), was mcor- 
porated mto the stock diets The ammals received 100 mg per day of 
this substance per 100 gm of body weight 

Isolation of l-Acelylphenylannnobutync Acid — The pooled urmes were 
made alkahne to phenolphthalem and extracted contmuously with ether 
for 5 hours The urmes were then acidified to Congo red and agam ex 
tracted ivith ether for 24 hours The ether extract from the acidified urme 
was concentrated and the residue was taken up m a small volume of hot 
water The acetyl derivative which crystallized required, as a rule, only 
one recrystalhzation from hot water with the addition of charcoal to 3 ueld 
a product meltmg at 179-180° The punty was checked by determination 
of mtrogen content Calculated 6 33 per cent, found m all samples, from 

6 2 to 6 4 per cent In some cases the optical rotation of the excreted 
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acetyl derivative was determined and was found to correspond to that of 
the pure Z isomer (15) 

Isolation of Fatty Acids after Feeding Ethyl Deuteno Mynstate — ^At the 
end of the 3 day feeding period the ammals were killed, the entire gastro- 


Tablb I 

tormatiijn of Deulerio Vcelyl Groups from Deuteno Compounds 


Compound fed 

Dura 
tion of 
eiperi 
meat 

(4) 

Body 

water 

(5) 

Acetyl 

group 

of 

acetyl 

phenyl 

ammo- 

butync 

acid 

(6) 

Coeffiaent of 
utilization 

Cho- 

lesterol 

(9) 

Experiment No 

CD 

(2) 

(3) 

Total* 

(7) 

Specificf 

(3) 


mu fier 

atom 


atom 

atom 



atom 


100 gm 

per cent 

days 

per cent 

per cent 



per cent 


weight 

D 


D 

D 




1 faodium deuteno 

1 S5 

27 6 

8 

0 07 

2 00 

15 6 

15 6 

0 200 

acetate 









2 Sodium dideuteno 

0 94 

34 4 

5 

0 04 

0 08 

0 5 


0 00 

propionate 









3 Dideuteno succinic 

1 60 

26 9 

3 

0 03 

0 16 

0 6 



acid 









4 Sodium a, ^-dideuteno 

1 60 

22 0 

8 

0 05 

0 47 

1 9 

3 8 (a) 

0 05 

butyrate 









5 Sodium ^,-)'-dideuterio 

1 75 

16 0 

8 

0 04 

0 74 

3 8 

7 6 (y) 

0 12 

butyrate 









6 Sodiumn>deuterio 

1 60 

17 3 

8 

0 04 

0 22 

0 9 

4 0 (a) 

0 06 

valerate 









7 Ethyl 10, 11-dideuterio 

1 60 

7 2 

8 

0 07 

0 08 

0 3 

0 5 (to) 


undecylic acid 









3 Ethyl deuteno 

1 13 

26 0 

4 


0 56 

0 6 

5 5“ 


mynstate 









'• E'thyI9,10-dideuterio 

1 60 

5 8 

4 

0 02 

0 07 

0 2 



stearate 









10 Deuteno ethyl pal- 

1 6 

3 4 

8 

0 06 

2 8 

14 4 

14 4 

0 16 

imtatc 









11 Deuteno dl-alanine 

1 2 

10 0 

4 

0 03 

0 64 

7 6 

9 8 (3) 



• Calculated for all deuterium atoms in the molecule 

t Calculated for the deutenum attached to the carbon atoms designated bj the 
Greek letter 


intestmal tract removed, and the livers and the lemamder of the carcasses 
hydrolyzed with ethanohe KOH The carcasses yielded 21 1 gm of fattt 
acids contaming 0 57 atom per cent, and the livers yielded 0 3S3 gm of 
fatty acids contaming 4 10 atom per cent excess deuterium 
Isolation of Cholesterol — Cholesterol ttas isolated from the hjdroljzcil 
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rat carcasses and purified via the dibromide The isotope concentrations 
aie given m Column 6 of Table I 


DISCUSSION 

In Table I are listed the isotope concentrations m the acetyl group of 
acetylphenylammobutyric acid excreted in the urme of rats to the diet of 
which dl-phenylammobutync acid and the deutenum-contammg test sub- 
stance had been added We have m all cases calculated, on the assumption 
that the deuterium is present only m the acetyl group, the isotope concen- 
tration of the hydrogen m the acetyl group by multiplymg by 5 the deute 
rium concentration found m the isolated acetylphenylammobutyric acid 
(C12H16NO3) This assumption is not strictly valid, foi in oui experiments 
some deuterium is present m the body fluids as a result of the oxidation of 
the deuteno compounds fed, and it is known that deutenum may enter 
the a. position as well as the acetyl group from the body fluids (15, 16) 
A small fraction of the deutenum found m the excreted acetylphenylammo 
but3mc acid may, therefore, arise from this somce The deuterium con 
centration of the excreted acetylphenylammobutync acid due to these 
reactions cannot be greater than 4/15 that of the body fluids The isotope 
concentration of the hydrogen of the acetyl group of this compound must, 
therefore, be at least 5 times higher, 20/15 or 4/3 that of the body fluids, 
before utihzation of the organic compound for acetylation can be regarded 
as proved 

As the amount of deutenum admmistered to the animals m the test 
substance depends not only on the number of moles fed and the isotope 
concentration of the hydrogen atoms but also on the number of hydrogen 
atoms per mole of compound, we shall define a quantity m Equation 1 
called the coefficient of utihzation of deutenum for acetate formation 


( 1 ) 

where 


Coefficient of utilization = 


1000 D.. 

D/ M na 


Doo = laotope concentration of the excreted acetyl group 
D/ = “ “ in “ compound fed 

M = mil of test substance fed per 100 gm body weight 
ns = number of hydrogen atoms per mole of test substance 

The denommator of Equation 1 is the numbei of milhequivalents of 
deutenum admmistered m the test compound The acetylatmg agent 
itself should have the highest coefficiency of utihzation The numerical 
value for acetate is 15 6 A coefficient of utilization greater than unit\ 
may be taken to signify direct utihzation of the test substance Smaller 
values may be the result of mcorporation of deutenum of the body fluids 
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into the acetyl precursor oi phenylammobutyric acid The coefficient of 
utihzation may be calculated not only foi all the hydiogen atoms m the 
test compound but also for hydrogen atoms attached to mdividual carbon 
atoms In the latter case, D/ is the isotope concentration of the hydrogen 
at the specific carbon atom and tIh is the number of such hydrogen atoms 
All other terms have the same significance In case only some of the 
hydrogen atoms are utilized for acetyl formation, the specific coefficient of 
utilization will be of greater significance than that calculated for the whole 
molecule 

The observation that none of the test substances gave rise to acetyl 
groups ivith isotope concentrations exceedmg those resultmg from acetate 
itself, or had a highei coefficient of utihzation, lends strong support to the 
contention that acetic acid (or a functional derivative) is the chief acetylat 
mg agent As acetate is utilized for the synthesis of cholesterol, deuterio 
cholesterol should be formed whenever deuterio acetyl derivatives appeal 
This proved to be the case throughout Up to the present time strict 
correlation between formation of deuterio acetyl and synthesis of deuteno 
cholesterol has been observed The specific function of acetate to act as a 
precursor of cholesterol is emphasized by this relationship 

Ethyl Alcohol (CH*zCHiOHy — According to Bernhard (5), ethanolseemed, 
on the basis of isotope concentrations in the excreted acetyl group, to be 
a more efficient acetylatmg agent than acetic acid This result could be 
taken to mean that the actual acetylatmg agent is not acetic acid but is a 
C 2 umt which is produced from ethanol more readily than from acetate 
In our experiments deuteno ethanol, admmistered as ethyl palmitate, was 
as effective a source of acetyl as deuteno acetate, the two compounds have 
nearly the same coefficient of utihzation Though this findmg does not 
ehmmate the possibihty that the effect of ethanol is due to an acetylation 
mechanism different from that mvolvmg acetate, the quantitative agree- 
ment m the behavior of ethanol and of acetate suggests strongly that 
ethanol acts as an acetylatmg agent by way of acetic acid 

Succinic Acid {COOHCH\CH\COOH)—MLihoug\i the deutenum concen- 
tration m the acetyl group excreted after the ingestion of succmate is more 
than 4 times as high as that m the body fluid, the coefficient of utihzation 
IS less than umty This result suggests that a small fraction of the sue 
cmate may be converted to acetate The occurrence of such a reaction m 
bacteria has been demonstrated by Slade and Werkman (17) 

Propionic Acid iCH*zCH*zCOOH) and Alanine {CH*iCH*NH.COOH)— 
When deuteno propionate was adimmstered, the acetyl derivative excreted 
contained no significant excess of deutenum (Table I, Experunent J) 
The failure of deuteno propiomc acid to form deuteno cholesterol has 

* In all cases the deuterium atoms are in, the positions labeled by an astensh 
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already been reported (4) On the other hand, alanine pioduces isotopic 
acetyl groups (Table I, Experiment 11) Since the oxidative deammation 
of alanine to pyruvic acid occurs leadily in the animal body, pyruvic acid 
and alanine can be considered as equivalent with respect to the acetylation 
reaction 

No decision can be made, on the basis of these results alone, as to the 
sequence of steps mvolved in the pyruvate-acetyl transformation Pyruvic 
acid may, as proposed by Knoop (18), act as an acetylatmg agent by con- 
densation ivith an imino acid and subsequent decarboxylation of the con- 
densation product Or, if oxidative decarboxylation to acetic acid is the 
primaiy step, then acetic acid will be the acetylatmg agent proper Ke- 
gardless of the mechamsm by which pyruvic acid supphes acetyl groups, 
the present findmgs establish the oxidative breakdown of alanine (and 
pyruvic acid) to acetyl m the mtact animal The coefficient of utihcabon 
for alanine, with reference to the methyl group only, has been calculated 
to be 9 8, or two-thirds of that for acetate This figure mdicates that at 
least two-thirds of the dietary alamne must have been degraded to acetyl 
Even if alanine or pyruvate were converted quantitatively to acetyl, 
identical values could not be expected, as some of the deuterio methyl 
gioups of dietary alanme must be stored m the tissue proteins and are, 
therefore, not available The magnitude of the coefficient of utihzation 
suggests that the loss of deuterium due to enolization of the pyruvic acid 
derived from alanme was slow The failure of deuterio propionate, which is 
a glycogenic compound, to yield isotopic acetyl mdicates that the pmnar)' 
step m its metabolism is not a oxidation to pyruvic acid Oxidation at the 
/J-carbon atom appears to be the only alternative 

Butyric Acid — ^The deuterium concentrations observed (4) m cholesterol 
after feedmg the two butyric acids contammg deuterium on the a,^ and 
^ , Y positions respectively were low but significant The analytical values 
were intei preted as indicatmg a partial conversion of butyrate to acetate 
lather than direct utihzation of butyrate for cholesterol synthesis This 
IS substantiated by the present findmg that a,i8- as well as | 3 , 7 -dideuteno 
butyric acid forms deuteno acetyl groups It is clear that a mechanism 
exists by which butyric acid is oxidized to 2 moles of acetate If aceto 
acetic acid represents the primary oxidation product, then, as shoivn by 

CHiD CHD CHjCOOH CH,CHD CHD COOH 

1 1 

CH,D CO CHiCOOH CHj CO CHC COOH 

1 1 

CHD COOH -P CHjCOOH CH,COOH + CHjDCOOH 
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the accompanying schemes, the isotopic label on the ^S-carbon atom will 
be removed from both acids The hydrogen atoms at the a-carbon atom 
of j3 keto acids are knoivn to enohze readily and loss of deuterium wnll occur 
ivith acetoacetate derived from the a,j8-dideuterio butyric acid However, 
this loss appears not to be complete before the breakdown of labile aceto- 
acetate mto stable acetate has occurred The hydrogen at the y-caibon 
atom IS less readily enolized, and most of the isotope will be retamed In 
accoid with these considerations, more than twice as high a coefficient of 
utilization IS found for the /3,7-dideuterio butyrate as for the a,^ acid 
Similar results on the relative labihty of the hydrogen atoms in the a 
and 7 positions have been reported by Morehouse (19), w'ho found that 
|3-hydroxybutyrate contaming deuterium was excreted only after admmis- 
tration of /3 , y-dideuterio butyrate 

The fact that both a,^- and j3,7-deuterio butyric acids giie rLse to 
deuterio acetyl groups proves that butyiic acid can break down to 2 mole- 
cules of acetic acid 

Since oxidation to acetoacetic acid will m both acids lesult m the loss 
of the deuterium at the /3-carbon atom, the coefficients of utihzation of the 
other deuterium atoms at the a or 7 positions will be more significant than 
that calculated for the whole molecule The value found for the 7-deute- 
num shows that not less than half of the butyrate was metabolized to 
acetic acid by wav of acetoacetic acid 

In the present expeiiment, after the ingestion of /3,7-dideuterio butyric 
acid, the deuteiium concentration m the cholesterol was 3 times that in 
the body fluids (Table I, Experiment 5) From an earlier experiment on 
deuterio cholesterol formation in which /3,7-dideuterio butyrate was found 
to be considerably less effective than deuterio acetate, w’e concluded (4) 
that acetate was not the mam product of butyrate metabolism The 
quantitative diffeience between the two findings may in part be due to 
the use, m the previous experiments, of a high protem diet, m contrast 
to the high carbohydrate diet m the work here repoited The present 
estimation ot butyrate utilization appears to be more precise, for acetil 
production can be measured more accurately b3'’ the acetjlation technique 

The difference m stability of hydrogen atoms at the a and 7 poiitions 
respectively is reflected by the appreciably higher isotope content in 
cholesterol aftei the admmistration of /3,7-dideuterio butyrate, in contrast 
to a,|3 dideuteiio butyrate 

Higher Fatly Acids — Only a limi ted number of isotopic fatty acids have 
as yet been tested as to their ability to yield deuterio acetyl groups Of 
these acids only myristic acid, which had been prepared by catalytic ex- 
change (20) and presumably contamed the isotope uniformly distnbuted 
over the carbon chain, formed acetyl groups with a significant deuterium 
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concentration If, as in Knoop’s scheme of /3 oxidation, j3-keto acids are 
formed from which C2 umts are successively removed, then the deuterium 
should be lost entirely at the /3 position and rapidly exchanged at the 
a-carbon atom exactly as m the case of acetoacetate derived from a,j3- 
dideuterio butyrate When the fatty acid cham has been shortened to 
the 4-carbon stage, the 7-carbon atom which has been the w-carbon atom 
m the original acid, iviU retain most of its isotope, and the acetic acid 
derived fiom the 2 carbon atoms furthest from the carboxyl group of the 
fatty acid wdl be the richest m isotope The maximum deuterium con- 
centration to be expected m acetate formed by the breakdown of higher 
fatty acids will then be of a magmtude similar to that given by ^,y- 
dideuterio butyrate As the deuterium concentration found m the acetyl 
group foUowmg administration of isotopic mjTistic acid n as roughlj’^ equal 
to that obtamed after a,/3-dideuterio butyrate feeding, the coefficient of 
utilization for the total molecule is small On the other hand, calculation 
for the termmal methyl group yields a value of 5 5, mtermediate between 
those calculated for the a- and the 7-hydrogen atoms of butyric acid 
However, as the higher fatty acids are partly stored in the fat depots, 
whereas lower ones, such as butync acid, are immediately metabolized, 
not all of the long cham fatty acids administered will be immediately 
available as a source of acetate 

From the isotope concentration and total amount of the fat of the animal 
it can be calculated that 10 per cent of the deuterium m the myristic acid 
was deposited When palmitic acid had been fed (21), 44 per cent was 
found m the depots Aftei the administration of 9 , 10-deuterio steano 
acid, the excreted acetyl groups contamed less than significant amounts 
of isotope In this experiment, the deposition of the labeled fatty acid 
must have been considerable (22) 

Of the two odd numbered fatty acids tested, n-valenc acid, contaimng 
deutenum evenly distributed along the carbon cham, showed a low but 
significant effect If oxidation at the iS-carbon atom is agam the mitial 
step m the breakdowm, then 1 molecule of propiomc acid and 1 molecule 
of acetic acid may be formed The acetic acid will have retamed only the 
sttihII amount of a-deuterium which was not exchanged m the ^-keto acid 
stage, and no acetic acid is formed from propiomc acid On this basis the 
coefficient of utihzation for the deuterium atoms at the a-carbon atom is 
found to be 4 0 This is m close agreement with the value found for the 
a-deutenum atoms of butyric acid n-Valeric acid has been reported to 
form ketone bodies m diabetic animals (23) The oxidation scheme 
would agam account for all the experimental findmgs concernmg n-valenc 
acid if the acetoacetic acid formed m ketosis is a secondary product arising 
from the condensation of acetic acid 

After the mgestion of 10,11-dideuteno undecyUc acid, acetyl contaimng 
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only normal hydrogen Avas found Successive /3 oxidations of this com- 
pound would yield 4 molecules of non-isotopic acetic acid, but af,/3-dideu- 
terio propionic acid derived from carbon atoms 9, 10, and 11 vould not be 
converted to acetate 

All of our present findmgs are compatible with the concept of /3 oxidation 
and the successive removal of Cj units m the form of acetic acid None 
of our observations foi odd numbeied, as well as for even numbered, fatty 
acids mdicates mitial oxidation at the a-carbon atom 

The conclusions draim from the experiments presented heie presumably 
are valid only for the organs m which the acetylation reaction and choles- 
terol formation occur There is adequate evidence that the hver is the 
site of acetylation, vhich is not known to be the case of cholesterol The 
statement that alanme oi pj'ruvate is oxidized to acetyl may hold tiue only 
for the hvei, which is known (24) to be the site of acetylation It is 
impossible to decide whether the pyruvate (or phosphopj'ruvate) formed 
m other tissues follows the same metabolic pathway as the pyruvate result- 
ing from oxidative deamination of alanine m the liver 

bUMMARX 

1 The obseiwation ot Beiiihaid that oial administiation of deuterio 
acetate with an ammo acid foieigu to the oiganism leads to excretion of 
an isotopic acetyl dei native has been confirmed Advantage has been 
taken of this effect to demonstiate formation of acetic acid in the normal rat 

2 Deutermm-contaming test substances were added to the stock diet of 
normal rats m conjunction with phenylammobutyric acid, and the isotopic 
concentration of the excreted acetyl derivative ivas determined 

3 Deuterio acetyl groups were excreted aftei administration of labeled 
ethanol, butiTic acid, alanme, n-valeric acid, and myristic acid, but not 
from propiomc acid and 10, ll-dideiiterio undecyhc acid 

4 A considerable fraction of butyric acid is inetabohzed to yield 2 moles 
of acetic acid 

5 Only those compounds which gave iise to deuterio acetyl groups 
formed deuterio cholesteiol, this findmg supports the view that acetate is 
a specific cholesterol piecuisoi 

6 The result obtamed with deuterio alanme is compatible with the 
oxidative decarboxylation of pyruvate to acetyl in the intact rat 

7 The data are m agreement with ICnoop’s concept of ^ oxidation in 
its apphcation to odd as ivell as to even numbered fatty acids 
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Cholesterol, which is formed by biological synthesis, contains angulai 
methyl groups and branched side chains A few other tissue constituents 
exist which contam branched chains, notably valme and leucme, but these 
are all essential dietary constituents It has been shown (1) that acetic 
acid participates m the synthesis of the entire structure of cholesteiol, but 
no obvious mechanism is known by which acetic acid could leact to form 
branched carbon chams Our attempts to find specific cholesterol pre- 
cursors other than acetic acid have been unsuccessful, m all instances in 
which the administration of a labeled test substance led to the foimation 
of deuterio cholesterol, the effect has been attributable to the mtermediary 
formation of deuterio acetic acid (2) 

Rxperunents were carried out to test the effect of deuterio vaime and 
deuterio leucme on the biological formation of cholesterol Cholesterol 
isolated from animals which had received deuterio leucme contamed sig- 
nificant concentrations of isotope, but only normal cholesterol i\ as formed 
when deuterio valme was the test substance Of the two branched cham 
fatty acids which are likely to be degradation products of leucme and 
valme respectively, deuterio isovaleric acid gave an effect similar to that 
of leucme, whereas deuterio isobutyric acid, like valme, failed to produce 
isotopic cholesterol 

The appearance of deuterium m cholesteiol followmg admmisti ation of 
deuterio leucme is evidence of the ability of leucme to supply carbon atoms 
for sterol synthesis, but provides no proof of a specific utilization of the 
isopropyl groups Leucme is a ketogenic substance, t e , a source of aceto 
acetic acid Though it is recognized that in ketosis the acetone bodies can 
arise either as primary oxidation products or by recondensation of icetic 
acid, little IS known as to the metabolism of acetoacetate or other ketogenic 
substances under normal conditions In the precedmg paper evidence is 
presented that extensive hydrolysis of acetoacetate to acetate can occur m 
normal animals Intermediary formation of acetic acid may be detected 
by the appearance of deuterio acetyl groups m acetylammo acids This 

* This ivork was carried out with the aid of grants from the losiih Mac>, Jr , 
Foundation and from the Nutrition Foundation, Inc 
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method has now been employed to mvestigate the degradation of leucme, 
valme, isovalenc acid, and isobutync acid The acetyl groups of the ex- 
creted acetylphenylammobutyric acid contamed deuterium when appro- 
priately labeled leucine or isovaleric acid was fed, but contamed no excess 
of isotope after administration of deuterio valme or deuterio isobutync 
acid Thus, only the two substances which are known to be ketogemc 
produce acetic acid Smce deuteno cholesterol is formed from the same 
two substances, their effect m cholesterol synthesis may well be the result 
of mtermediary formation of acetic acid, which m turn is utihzed for 
cholesterol synthesis 

Acetic acid supplies carbon atoms for the nucleus as well as for the side 
cham of the cholesterol molecule ( 1 ) The cholesterol isolated after deu- 
teno leucme feedmg was degraded mto the isooctane-isooctene mixture 
correspondmg to the cholesterol side cham and the polynuclear hydro- 
carbon C 19 H 3 Q The isotope concentrations m the two fragments were 
almost equal, as was the case with cholesterol resultmg from deuteno 
acetate feedmg This findmg strengthens the view that a similar mech- 
anism 13 responsible for the appearance of deutenum m cholesterol, and 
that leucme is probably not a specific cholesterol precursor 

EXPERIMENTAl 

Preparation of Deuteno dl-Leucine Isocaproic Acid — Smce pure iso- 
caproic acid can be separated only with difficulty from commercial mixtures 
of the isomeric acids, it was prepared by a modification of a method de- 
scnbed by Braun (3) IsobutyraIdehyde‘ was condensed with malome 
acid and the resultmg isopropylacrylic was hydrogenated To 136 ml of 
freshly distilled isobutyraldehyde were added 104 gm (1 mole) of powdered 
malome acid and 100 ml of dry pyndme The mixture was kept at room 
temperature for 12 hours, and was then heated under a reflux for 6 hours 
The excess aldehyde was distilled off and the mixture refluxed agam for 
1 hour The cooled reaction nuxture was diluted with 3 volumes of water, 
made acid to Congo red ivith sulfunc acid, and extracted with ether The 
solvent was removed from the dned ether solution and the residue was 
distilled in vacuo The fraction distiUmg at 112-114“ at 20 mm of Hg 
was collected 53 gm of isopropylacrylic acid were obtamed (47 per cent 
of theory) 35 gm of the unsaturated acid were dissolved m 350 ml of 
absolute ethanol and hydrogenated m the presence of active platmum 
Distillation of the reduction product yielded 32 gm of isocaproic acid, 
bp 103-104“ at 13 mm ofHg 

Deuteno Isocaproic Acid — ^The isocaproic acid was converted mto the 
sodium salt and exchanged with D 2 O m the presence of activated platmum 

1 We are indebted to Dr Boland Kapp of the National Oil Products Company for 
supplying us with the isobutyraldehyde 
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in a sealed flask The contents were shaken at 130° for 14 days The 
isocaproic acid recovered contained 47 9 atom per cent excess of carbon- 
bound deuterium 

Deuterio dHeucme was prepared by brommation of the isotopic iso- 
caproic acid and treatment of the a-bromoisocaproic acid with ammonia 
(4) An over-all yield of 53 per cent, calculated for isocaproic acid, was 
obtamed N, Kjeldahl, found, 10 5 per cent, calculated for CeHg 1 D 4 gNOi, 
10 3 per cent The compound contamed 37 0 atom per cent excess deu- 
tenum Of the 13 hydrogen atoms of leucme, the 2 of the ammo group 
and that of the carboxyl group must be non-isotopic The remaimng 10 


Table I 

Formalton ofDeuleno Acetyl Groups and Deuleno Cholesterol from Dcuteno Compounds 


Compound fed 




Acetyl 
group of 
acetyl 
phenyl 
amino- 
butync 
acid 



1 

1 


1 

1 

Duration 

of 

experiment 

Body 

crater 

Coef 

ficicnt* of 
uliUzabon 

Cho- 

lesterol 

Sodium deuterio 

'mu ptr 100 
\ gm hoiy 

1 WCfgkt 

atom per \ 
ant txcest 
D 1 

days 

i 

atom per \ 
cent escess 
D 

1 

atom Per 
cent excess 
D 


atom per 
cent excess 
D 

acetate 

1 S3 


8 

BEii 

2 00 

15 6 

0 20 

Deuterio dWeucine 
Sodium deuterio iso- 

1 13 


10 


2 50 

5 1 

0 56 

valerate 

1 10 

23 5 

8 

0 10 

1 19 

5 1 

0 18 

Deuterio df- valine 
Sodium deuterio iso- 

1 10 

34 0 

8 

0 04 

I 

0 08 

0 3 

0 03 

butyrate 

I 10 

24 0 

8 

0 03 

0 07 

0 4 

0 03 


* Coefficient of utilization = T>ae/na X nm X D/, where Doc = per cent deuterium 
in the acetyl group, na = total number of hydrogen atoms in the compound fed, 
D/ = per cent deuterium in the compound fed 


hydrogen atoms will, therefore, contam 37 0 X 13/10 = 48 1 atom per cent 
excess deuterium As this value is almost identical with that found for 
the carbon-bound hydrogen of isocaproic acid, the hydrogen lost from the 
«-carbon atom of isocaproic acid by biommation must have had the same 
isotope concentration as the remainder of the carbon-bound hydrogen 
atoms The catalytic exchange of isocaproic acid must, therefore, have 
led to fairly uniform distribution of deuterium along the carbon cham 
In Table I, the isotope concentration of dl-leucme giien is not that 
actually found, t e 37 per cent, but 48 1 per cent, t e the deuterium con- 
centration of the 10 carbon-bound hydrogen atoms This is justified be- 
cause in acetate formation only the carbon-bound hydrogen atoms need 
be considered 
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Deuteno dl-Vahne Isovalenc Acid — ^The compound was prepared from 
isopiopyl bromide and diethyl malonate accordmg to Marvel and du 
Vigneaud (5) For mtroduction of deuterium, sodium isovalerate was 
exchanged with D2O m the presence of activated platmum The reaction 
mixture vas shaken at 130° m a sealed flask for 12 days The isovaleric 
acid reco\ eied contamed 34 8 atom per cent excess deuterium The deu- 
terio isovaleric acid was broimnated and the bromo acid allowed to react 
nith ammonia (6) N, Kjeldahl, found, 117 per cent, calculated for 
CsHt 3D3 7NO2, 117 per cent The ammo acid contained 24 7 atom per cent 
excess deuterium As in the case of deuteno leucme, the 3 hydrogen atoms 
in the ammo group and the carboxyl group must be non-isotopic The 
carbon-bound hydrogen atoms will, therefore, contam 24 7 X 11/8 = 34 0 
atom per cent excess deuterium This compares ivith a deuterium concen- 
tration of 34 8 per cent found for isovalerate, the rate of exchange must, 
therefore, have been roughly the same for all carbon-bound hydrogen atoms 
of isovalenc acid The isotope concentration for valine given in Table I is 
again that of the carbon-bound hydrogen atoms, i e , 34 0 atom per cent 

Deuicno Isovalerale and Deulerio Isobulyraie — The isotopic isovalenc acid 
employed in the feedmg experiment was prepared m the same manner as 
that used for valme synthesis It was fed m the form of the sodium salt 
which contamed 23 5 atom per cent excess deuterium Isotopic isobutyrate 
was prepared from commeicial isobutyric acid by exchange of the sodium 
salt with DjO m the presence of activated platmum Ihe nuxtuie vas 
shaken at 127° for 16 days and the sodium isobutyrate lecovered con- 
tamed 24 0 atom per cent excess deuterium 

Feeding of dl-Deuterio Leucine lo Mice — Tnenty adult mice ivere placed 
m three groups on a stock diet contaming 77 per cent starch, 6 per cent 
casern, 5 per cent yeast, 6 per cent Wesson oil, 2 per cent cod liver oil, 

2 per cent salt mixture (7) Each animal consumed about 3 gm daily of 
this diet In addition, each mouse received per day 40 mg of dl leucme 
contammg 37 0 atom per cent excess deuterium and 75 mg of sodium 
chloride, mixed with the stock diet The sodium chloride was added m 
order to increase consumption of drinkmg wmter and thereby mamtam the 
deuteiium concentration of the body fluids at a low level After 8 dajs 
ten mice of Group I were killed A sample of body water was distdled 
fiom the tissues and cholesterol isolated from the pooled carcasses m the 
usual fashion The body water contamed 0 055 and the cholesterol 0 13C 
atom per cent excess deuterium 

The four mice of Group II were kept on the deuteno leucme-contammg 
diet for 15 days, when they were killed The body water contamed 0 OSi 
atom per cent excess deuterium Cholesterol wms isolated from the pooled 
animal caicasses as the digitonide The cholesterol regenerated from the 
digitomde contamed 0 232 atom per cent excess deutenum 
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The remaming six animals (Group III) were killed after they had re- 
ceived the deuterio leuoine-contaming stock diet for a period of 22 days 
The body water of the pooled tissues contamed 0 049 per cent D- Choles- 
terol from the combined carcasses was isolated as the digitomde The 
cholesterol digitomde contained 0 112 atom per cent deuterium excess, 
whereas the cholesterol contained 0 336 per cent The findmg that during 
the experimental period of 22 days the isotope concentration of cholesterol 
mcreases almost Imearly reflects the slow metabolic turnover of cholesterol, 
in agreement with earlier results obtamed m this laboratory (8) 

Feeding of dl-Deulerio Leucine to Rats — Three adult rats having an 
average weight of 300 gm were kept on the same low protein (6 per cent 
casern) diet as described above In addition, each rat received per day 
0 443 gm of dZ-deuterio leucine (37 0 atom per cent excess deuteiium) 
and 0 300 gm of sodium chloride, mixed with the stock diet The animals 
were kept on this diet for a total period of 16 days From the 12th to the 
15th day one of the rats was given daily, m addition, 0 300 gm of dl- 
phenylaminobutyric acid The urine of this animal was collected and the 
excreted acetyl-Z-phenylaminobutyric acid was isolated as described in the 
foregomg paper (2) It contamed 0 50 atom per cent deuterium, le ,2 50 
per cent m the acetyl group At the end of the feeding period the three 
rats were kdled, a sample of body water was secured and cholesteiol iso- 
lated from the pooled carcasses as the digitomde After decomposition of 
the digitomde by pyridme-ether (9) 1 1 gm of cholesterol were obtamed 
This cholesterol was converted into cholesteryl chloiide The latter con- 
tained 0 56 atom per cent deuterium excess Cholesteiyl chloride ii as 
degraded mto the isooctane-isooctene mixtuie, as described earlier (1) 
The hydrocarbon mixture representmg the cholesterol side chain contamed 
0 50 atom per cent deuterium excess and the nuclear hydrocarbon CjsHao, 
0 54 per cent The average deuterium content of a compound composed 
of the fragments CsHia and CnHjo, as calculated from their isotope content, 
would be (18 X 0 50 -k 30 X 0 54)/48 = 0 53 per cent Tins agrees well 
mth that of the cholesteryl chloride 

Feeding of Deuterio Valine — Two rats weighmg about 180 gm each \iere 
kept on the same stock diet which was employed m the leucme experiment 
In addition, each rat received daily 0 230 gm of dZ-deuterio valme con- 
tainmg 24 7 atom per cent excess deuterium for a period of 8 days One 
of the rats was given 0 20 gm of dZ-phenylammobutyric acid per daj’’ 
Cholesterol was isolated from the carcasses and acetyl-Z-phenylaraino- 
butyric acid from the urme The isotope concentrations in the isolated 
compounds are hsted m Table I 

Feeding of Deuterio Isovaleric and Deuterio Isobutyric icids The iso- 
topic fatty acids were administered to rats as the sodium salt added to the 
usual stock diet The diet further contained 0 100 gm of dZ-phenylamino- 
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butync acid per 100 gm of rat weight The deutenum concentrations 
of the isolated cholesterol and acetylphenylaminobutjmc acids are listed in 
Table I 

DISCUSSION 

In Table I are listed the isotope concentrations m cholesterol and in the 
acetyl groups of acetylphenylaminobutyric acid excreted after the adnun- 
istration of the labeled test substances It has been pomted out (1) that 
the presence in cholesterol of isotope m concentrations greater than half 
of that of the body fluids constitutes evidence for the utilization of the 
test substance in cholesterol synthesis After the adnunistration of deu- 
teno leucine the concentration of isotope in the cholesterol was almost 
4 tunes that in the body fluids, when deuteno isovalerate was fed, the 
corresponding ratio was nearly 2 The values resulting from the feedmg 
of labeled vahne or isobutync acid aie too low to be considered significant 
Smce leucine was given over twice as long a period as acetate or isovalerate, 
the relative efficiencies of the various compounds cannot be compared 
directly It is permissible, however, to assume that after a penod of 8 
days the cholesterol m the leucme experiment contamed roughly half of the 
isotope concentration which was found after 16 days = Intermediary ace- 
tate formation from leucme and isovaleric acid, wluch is evident from the 
high deutenum concentrations in the acetyl groups, can account satis- 
factorily for the effect given by these compounds m cholesterol synthesis 
This relation is illustrated by the ratio of isotope concentrations m the 
acetyl group to that m cholesteiol The quantities of deuteno acetate 
formed from leucme and isovalenc acid seem adequate to produce choles 
terol with the observed concentrations 

As m expenments in which acetate was fed, the isotope in cholesterol 
followmg administration of deuteno leucme is distributed fairly evenly over 
the side cham and the nucleus With regard to the possibflity that leucme, 
aside from bemg a source of acetate, also supphes the isopropyl group of 
the cholesterol side cham or the angular methyl groups, it must be pomted 
out that, as the five methyl groups contam only 15 out of a total of 46 
hydrogen atoms m the cholesterol molecule, such an effect might not be 
detectable m our data 

The equivalence of leucme and isovaleric acid with respect to acetate 
formation supports the hypothesis that degradation to isovalenc acid is a 
step m the normal metabolism of leucme The present findings demon- 
strate the formation of acetic acid as a normal breakdoivn product of 
leucme and of isovalenc acid but do not mdicate whether acetoacetate is 
an mtermediate In order to evaluate the analytical data, it will be useful 

* This 18 the case in the experiment in « Inch mice w ere used 
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to consider the coefficient of utihzation defined m the foregoing paper (2) 
This coefficient, which is a measure of efficiency of acetyl formation, when 
calculated for the 9 carbon-bound hydrogen atoms of isovaleric acid, is 
5 1 and has an identical value for the correspondmg 9 hydrogen atoms of 
leucme Smce the coefficient has a value of 15 6 for acetic acid itself, a 
value of 5 1 for leucme and isovaleric acid is taken to mean that of the 
9 hydrogen atoms under consideration 3 appear as acetic acid These 
facts, which mdicate that 1 mole of acetic acid is formed from leucme, are 
compatible with the view that isovaleric acid is an mtermediate m its 
degradation As leucme was administered as the racemic compound, this 
h3rpothesis is vahd for both isomers The mversion of d-leucme m vivo 
IS well established (10) The formation of acetic acid from leucme could 
conceivably result from either of two processes shown m the accompanymg 
diagram The steps mvolved m the degradation of isovalenc acid to acetic 
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acid must m both cases lead to a loss of carbon-bound deuterium If 
demethylation of the isopropvl group takes place and acetoacetate is an 
mtermediate (Pathway A), then isovalenc acid would be expected to vield 
acetate to the same extent as butyric acid, and it should have a coefficient 
of utilization mtermediate betw'een those found for a,^- and ^,7-dideuteno 
butyric acids (2) In this case, 5 of the 9 hydrogen atoms, namcl\ those 
at the a- and 7-carbon atoms, wall remam for acetate formation, and on 
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this basis the coefEcient of utilization betomes 9/5 X 5 1 = 9 18 If aceto- 
acetate were the intermediate, the coefficient should fall between the values 
3 8 and 7 6 found in Experiments 4 and 5 of the paper just cited 
The second process (Pathway B) postulates the formation of 1 mole each 
of acetone and acetic acid Accordmg to this scheme the acetoacetic acid 
arising from isovaleiic acid in ketosis would have to be formed by the well 
recognized (11) condensation of 2 moles of acetate Only the 2 hydrogen 
atoms m the a position of isovaleric acid could appear in the acetic acid, 
and the coefficient of utilization would be 9/21 X 5 1 = 22 9, which is 
greater than that (15 G) calculated for acetic acid itself Neither one of 
the two schemes explains satisfactorily the large production of acetate 
from isovaleric acid Pathway B would conform with experimental data 
only if the acetone were to break down in vivo to acetic acid In the 
absence of such evidence no decision can be made as to whether one of the 
two pathways mentioned, or a different one, is involved 
The failure of valine and isobutync acid to yield acetyl as well as choles- 
teiol IS consistent with the knoivn glycogemc action of these compounds 
According to Rose e/ al (12), 3 out of the 5 carbon atoms of vahne are 
conveited to glycogen Formation of pyruvate as an mtermediary step 
> this com ersion is improbable, smce pyruvate is at least partly converted 
acetyl Propionic acid is a possible intermediate m isobutyric degrada- 
lon, smce it is incapable of producing acetic acid (2) 

SUMMAKA 

1 The piepaiation of dl-deuteno leucine, di-deuterio valine, deuteno 
isovaleric acid, and deuteno isobutync acid is described 

2 Cholesterol isolated from rats which had received labeled leucme or 
LSovaleiic acid contamed appreciable concentrations of deuterium, but only 
normal hydrogen when labeled i alme or isobutync acid was fed 

3 When phenjdammobutyi ic acid was administered simultaneously mth 
labeled leucme oi isovaleric acid, the excreted acetyl derivative of the 
ammo acid contamed a high isotope concentration, demonstratmg that 
these two compounds weie degiaded to acetic acid Labeled valme and 
isobutync acid do not form deuteno acetyl gioups It is suggested that 
tW effect of leucine and isovaleric acid shown m cholesterol synthesis is not 
speciffchut due to mtermediary acetate formation 

•t ojiantitative data it is concluded that isovaleric acid is an mter- 
mediate wv (Vc oxidative breakdown of leucme 

The authoi m M K Zung for valuable assistance 

durmg the coune^^jjjg ^yg^k 
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EFFECT OF IRON ON C.UlBOlIYDRjVlE METABOLISM OF 
CLOSTRIDIUM WELCHII* 

Bt ALWIN M PAl'PENHClMLll, Jn , and ELEANOR SHASKANf 

(From ihc Department of Bacteriology, jVcio York UnnerstUj College of Medicine, 

A'cu) IorI.)t 

(Rcci.i\cd for (lubhcntion, Juno 2, 19-11) 

Dunng the course of i study on factors underlying growth and to\in 
production by Closlndtuni ledchtt, it was observed that, when the con- 
centration of iron m the medium w is siiboptimal for growth, more acid 
was produced than wlicn iron was present m excess This observation 
was confirmed by rough cslimalion of the total titratable acid produced 
from glucose dunng growth of Clostndtum uelchn in media contauung 
varying amounts of iron and suggcstctl that the nature of the fermentation 
reaction might bo dependent upon the amount of iron present It was, 
therefore, of some interest to study the glucose metabolism of this organism 
m some detail, under conditions in which the sole variable in the medium 
was iron 

Few cartful studies on carbohjdratc metabolism of pathogenic bacteria 
have been reported in the literature Friedemann and Kmieciak (1) 
studied the brcakdowai products from glucose formed after growth of a 
number of pathogens in complex media For Clostridium welchii, lactic 
acid, acetic acid, ethyl alcohol, carbon dioxide, and hydrogen were the 
prmcipal fermentation products and some butyric atid was found The 
(luantities of these substances which they determmed accounted for 60 
to 72 per cent of the carbon consumed Slade el al (2), usmg washed 
suspensions of Closlndtuni uelchu, also reported ethyl alcohol, lactic, 
acetic, and butyric acid production from glucose They did not measure 
gas production and their data accounted for only 20 per cent of the carbon 
In both of the above studies the possible effect of iron on the carbohydrate 
metabolism was not considered 

* Part of the work described in tins paper w as done under a contract, reconunended 
by the Comnuttce on Medical Research, between the Office of Scientific Research and 
Development and New York University 

t Part of the work reported in this paper was carried out by Eleanor Shaskan in 
partial fulfilment of the requirements for the degree of Doctor of Philosophy at New 
York University 

t Part of this work was earned out at the Department of Bacteriology, Harvard 
Medical School We are indebted to Dr J How ard Mueller for making the facilities 
of hiB laboratory available to one of us 


265 



266 


IRON IN CARBOHYDRATE METABOLISM 


Culture Methods 

The fennentation of glucose was studied (1) by e\aniining the products 
formed m whole culture on a medium of de6ned composition containing 
varying amounts of iron, and (2) by comparmg the products formed from 
glucose when washed suspensions of organisms grown on a medium deRcient 
m iron are used with organisms cultivated in the same medium containing 
an excess of iron 

Cultures — Two strams of Clostridium welchii were used m this study 
The PB6K strain was obtained from the National Institute of Health, 
and a stock strain of unknown ongm was obtained from the Department 
of Bacteriology, Harvard Medical School The PB6K strain was mam- 
tamed by daily transfer m gelatin hydrolysate medium described below 
The “Harvard” stram was mamtamed in chopped meat broth 

Media — Two types of media were used for this study The first con- 
tamed a complete acid hydrolysate of purified gelatm as a base, while the 
other contamed casammo acids (Difco) supplemented with tiyptone 
(Difco) The gelatm hydrolysate medium was preferred for the study 
of products formed m whole cultures, since blank determinations were 
very small Somewhat heavier growth occurred with the casein hydroly 
sate medium which, however, contamed a considerable amount of lactic 
acid, carbohydrate, and other impurities The casern hydrolysate medium 
proved satisfactory for preparmg washed suspensions of organisms 

Gelatin Hydrolysate Medium — Eastman’s “ash-free” gelatm was refluxed 
for 24 hours with 5 n sulfuric acid and the sulfate removed with barium 
hydroxide After the material was decolorized with charcoal, the hydroly- 
sate was made up as a stock solution so as to contain 22 mg of nitrogen 
per cc 

200 cc of stock gelatm hydrolysate, 25 mg of tryptophane, 100 nig of 
tyrosme, 200 mg of df-methionme, 3 gm of glutamic acid, 10 gm of sodium 
glycerophosphate, and 1 gm of potassium acid phosphate are brought 
to about 500 cc ivith distilled water and the pH adjusted to 7 6 with 5 N 
sodium hydroxide 2 cc of a 10 per cent solution of calcium chloride are 
added and after the preparation is heated to boilmg the precipitated calcium 
phosphate is filtered and the filtrate tested for iron with a,o;'-bipyridme 
If any iron is present, the calcium phosphate precipitation is repeated until 
no appreciable pmk color is formed rvith the bipyndme reagent (less than 

0 0 1 7 of iron per cc as deterrmned m the Coleman spectrophotometer) 
After the matenal is cooled, 10 mg of adenme sulfate, 10 mg of uraci , 

1 cc of salt mixture (contammg 50 mg of copper sulfate (CuSOi 5HjO), 
50 mg of zmc sulfate (ZnSO^ VH^O), and 20 mg of manganese chloride 
(MnCU 4 H 2 O) per 100 cc ), 1 cc of 10 per cent magnesium sulfate (MgSOi 
TH-O), 0 2 cc of 20 per cent cystme hydrochloride, and 1 cc of accessory 
factors (20 mg of mcotimc acid, 20 mg of calcium pantothenate, 20 mg 
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of p>ntlo\ino, 10 iur of tin iininc, 5 ing of riboflavin, and 0 01 mg of 
biotin i)or20cc )' vrc uided ind tlie mctlium niadu up to such a'-VoIume that 
(he iddition of the iini lining components will bring it to exactly 1 liter 
TliL inediuin is then distributed m 1 ounce acid-clc incd bottles and auto- 
cla\cd at 10 iioiinds pressure for 10 minutes Before inoculation 10 cc 
of sterile 10 per cent gluco'-e, 1 ce of 1 per cent tliioglycolic acid, 1 to 5 cc 
of a solution containing the desired miiount of ferrous sulfate (FeSOi 
711.0), and 2 5 ce of i G hour culture of the PBGK strain of Closlridmm 
icckhn grown on the Mine incdium ire added to bring the volume to 100 
cc per bottle 

Casern llydrohjbalc 'J njptoiu ^ftdtum — 20 gin of easaniiiio aeids (Difco), 
20 gm of trjptone (Difco), 0 gin of sodium glycerophosphate, 4 gm of 
potassium acid pliospli ite, 200 mg of magnesium sulfate, 2 gm of sodium 
chlonde, and 0 3 cc of 20 per cent cjstine hjdrochloride are brought to 1 
liter wath distilled w iter and adjusted to pH 7 G to 7 8 1 cc of 10 per 

cent calcium chloride are added, and the medium brought to boiling and 
filtered Ihe calcium chloride treatment is repeated if necessary until 
a negatiie test for iron is obtained with bipyridine The medium is then 
made up to 2 liters with distilled water and 2 cc of addition mixture con- 
taining the B \itamuis listed above are added 800 cc of medium are 
placed in each of two acid cleaned I liter Erlenmeyer flasks and the re- 
mammg medium is distributed in test tubes measurmg 2 5 by 15 cm 
Before inoculation, 10 cc of 50 per cent glucose, 0 1 cc of thioglycolio acid, 
and the desired (juantity of ferrous sulfate are added for each liter of 
medium The inoculum consists of 10 cc of a G to 9 hour culture of Clos- 
tndium ucichii giowai on the same medium 

Eslimalion of Groxilh — Growth was measured by turbidity m the Coleman 
umiersal spectrophotometer at G50 mp and estimated as mg of bactenal 
nitrogen per 100 cc from a curve plotted with dilutions of a standard 
suspension of known bactenal nitrogen content 

Delerminahon of Iron tn Culture Medium — ^Ihe pmk color developed 
'nth bipyndme after reduction xvith sodium hydrosulfite or ascorbic acid 
was measured in the spectrophotometer at 515 mp 

Analytical Methods 

Gas Production — Carbon dioxide and hydrogen were detenmned separ- 
ately m the Warburg apparatus To each vessel were added 1 cc of a sus- 
pension of Clostridium wclchii contammg 0 16 to 0 2 mg of bactenal 
nitrogen per cc , 0 5 cc of 0 2 m phosphate buffer at pH 7, and sufficient 
distilled water so that the total volume mcludmg that m the side arms was 
exactly 2 1 cc After equilibration under oxygen-free nitrogen m the 

' The authors are grateful to Merck and Company, Inc , for generous samples 
of B vitamins used in this work 
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water bath at 35°, 0 01 mM of glucose was tipped in fiom one side arm 
Hydrogen 'aras estimated after the carbon dioxide evolved was absorbed 
ivith 20 pel cent sodium hydroxide placed m the center cup Carbon 
dioxide was determined by subtractmg the hydrogen evolved from the 
total gas produced, mcludmg the carbon dioxide hberated by tippmg m 
0 1 cc of 40 per cent phosphoric acid from one side aim at the end of the 
experiment Correction was made for mitially bound carbon dioxide 
The residual hquid was analyzed foi lactic acid colorimetncally and the 
values so obtamed closely checked those from the macro experiments 
Control vessels ivithout glucose consistently gave negative lesults 
Lacltc Acid — In the experiments with v ashed organisms, lactic acid 
was determmed colorimetncally with p-hydroxydiphenyl accordmg to the 
method of Barker and Summerson (3) The color was read m the spectro 
photometer at 560 m/i Lactic acid m the culture supernatants vas deter- 
mmed by the Friedemann and Graeser method (4) with the apparatus de- 
scribed by West (5) Recovery of lactic acid was about 96 per cent by this 
method and duplicates usually checked mthm 2 to 5 per cent 
Residual Glucose — Glucose was determmed by the Stiles, Peterson, and 
Fred modification of the Shaffer-Hartmann method (6) 

Volatile Acids — suitable ahquot was acidified to Congo red with 
phosphoric acid and was steam-distilled until the distillate no longer con 
tamed significant quantities of acid The total volatile acids were esti- 
mated with 0 04 N sodium hydroxide and aftei they were concentrated to a 
small volume on the water bath the solution was agam acidified and re- 
distilled with steam The individual acids were then determmed by parti 
tion m isopropyl ethei by the method of Osbum and Werkman (7) 

A fcoAof— Suitable aliquots of the fermentation mixture were distilled 
over mercuric oxide (HgO) and mercuious sulfate (Hg"S 04 ) The distillate 
was made alkalme to brora-thymol blue and ledistilled over mercunc 
oxide mto a volumetric flask Ahquots of the final distillate were treated 
with standard potassium dichi ornate at 85° foi 1 hour and the equivalents 
of dichi ornate used up were determmed by titiation wuth thiosulfate with 
potassium iodide and starch as mdicator No attempt was made to 
identify the mdividual alcohols and the lesults were calculated as ethyl 
alcohol 


Expenmeiits and Results 

Iron Content of Clostridium welchn Cells — Durmg growth of Clostridium 
welchn the iron present m the culture is taken up quantitatively by the cells 
and no iron can be detected m the culture supernatant until its concentra 
tion surpasses the optimum foi groivth Table I shows the effect of addmg 
iron to casammo acid-tryptone medium contammg 0 4 per cent maltose 
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It will be noted th it no iron could bo detected m the culture supernatant 
until its concentration was in excess of about 0 6 mg per liter and that the 
iron content of the cells \ iried from about 0 0005 mg of iron per mg of 
biclcnal nitrogen to a iiiAXimuiii of 0 0039 mg of iron per mg of baeterial 
nitrogen (0 007 to 0 05 per cent iron on a basis of dry i\ eight of baetena) 
The organisms themsehes turn bright pink when treated with bipyndine 
Since these results wireobt iiiicil, d it ion the assimilation of iron by various 
other species h lie been loporteal by Wiring and Werkraan (8) 

CjJtcl of Iron on Lactic Icid Production — 1 hese experiments were carried 
out with geiitin h 3 drol\s,ite mediuin cont lining OS and 10 per cent 
glucose, from which the iron hid been removed as completely as possible 
(that 13, had been reduced to iboiit 0 05 to 0 05 mg per liter) Before 

1 IDLI I 

rjccl of Iiicrcasittg Iron Content of Medium on Iron Content of Clostridium 
icelchii Celts 


Caaaimnu tvciJ Ujlituiie medium coni umni, 0 I per cenl maltose 


Iron coatcat of modiua 

Iroa ta culture (u{<r 
oaunt 

Growth bacterial N per 
100 cc 

Iron coDteot of bacteria 
Fe pex mg bacterial N 

■f tcrl 

m tiet 

mt 

mi 

0 (M (Ca ) 


8 2 

0 0005 ((7a ) 

0 13 


13 3 

0 0010 

0 23 


11 3 

0 0010 

0 33 


10 0 

0 0021 

0 43 


10 2 

0 0027 

0 53 

<0 03 

10 b 

0 0032 

0 73 

0 13 

10 7 

0 0038 

0 93 

0 27 

10 9 

0 0039 

1 13 

0 50 

10 0 

0 0039 

2 13 

1 17 

17 0 

0 0039 


inoculation, ferrous sulfate equivalent to 0 0, 0 1, 0 5, 1 0, and 2 0 mg of 
iron per liter w as added to each of a senes of bottles containmg the medium 
After 36 hours incubation at 37°, the growth, residual glucose, and lactic 
acid were determined for each culture Fig 1 shows the effect of non on 
lactic acid production Each point repiesents the average of more than 
four separate experiments The points at zero iron added represent re- 
sults obtamed after removal of as much of the iron fiom the medium as 
possible It can be seen that as the iron content is deci eased the lactic 
acid production approaches 2 moles per mole of glucose fermented This 
limit 18 a hypothetical one, since no growth occurs in the complete absence 
of iron 

Fermentation of Glucose by Washed Organisms — Complete carbon balances 
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from glucose were earned out m duplicate With washed suspensions of 
Clostridium welchn grown m media contammg high and low concentrations 
of iron The details of only one complete experiment will be given here 
Two flasks, A and B, each contammg 800 cc of casammo acid-tryptone 
medium were moculated with 10 cc of a 12 hour culture of the “Han ard” 
stram of Clostridium welchn grown on the same medium Before inocula 
tion 0 1 cc of thiogl> colic acid and 8 cc of 50 per cent glucose were added 
to each flask The iron content of Flask A was approximately 0 04 mg 
of iron per liter 5 cc of 0 1 per cent ferrous sulfate were added to Flask 
B (1 25 mg of iron per liter) After 12 hours at 35° the flasks were remov ed 
from the meubator The pH of Flask A was 4 7 and the growth equivalent 



Fig 1 The dotted line represents the grow th of organisms as a percentage of the 
maximum growth' obtainable with excess iron in the medium The solid line repre- 
sents moles of lactic acid produced per mole of glucose utilized 

to 8 2 mg of bacterial nitrogen per 100 cc The pH of Flask B was 4 9 
and the growth 14 0 mg of bacterial nitrogen per 100 cc Each culture 
was centrifuged m acid-cleaned Pyrex vessels and washed once with boiled 
sahne, after which the organisms ■with low iron content were made up to a 
turbidity equivalent to 2 58 mg of bactenal nitrogen per cc (Suspension 

A) and ■with high iron to 2 62 mg of bactenal mtrogen per cc (Suspension 

B) The suspensions were used immediately both m the Warburg ex- 
penments as desenbed and m macro experiments as desenbed m the follow 
ing 

The fermentations were earned out m 250 cc comcal flasks fitted with a 
ground glass stopper through which were sealed two glass tubes, one o 
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which passed to the bottom Both tubes were fitted ivith stop-cocLs 
To Flask A were added exactly 50 cc of 0 2 m phosphate buffer at pH 7, 
5 cc of 0 4 \i glucose (2 0 mil), 10 cc of Suspension A. and 35 cc of distilled 
water To Flask B were added 50 cc of 0 2 ii phosphate buffer, 10 cc of 
0 4 ii glucose, 15 cc of Suspension B, and 40 cc of distilled water Both 
flasks w ere then flushed out for 5 to 10 mmutes with oxygen -free nitrogen 
and then quicklj^ evacuated on the water pump The stop-cocks were 
closed and the fermentation was allowed to proceed for 20 hours at 35° 


T\ble II 

Effect of Iron on Glucose Fermentation by Washed Suspensions 



Low iron 

High iron 


Expcrimeat 1 

Experiment 2 

Expen 
ment 1 

Expen 
ment 2 

Bacterial iron content (Fe per 
mg bacterial N), mg 

0 0005 (Ca ) 

0 0005 (Ca ) 

0 0039 

0 0039 

Glucose fermented, rrui 

1 00 

1 00 

1 00 

1 00 

Lactic acid, mv 

1 73 

1 60 

0 42 

0 33 

Total volatile acids, mu 

0 06 

0 24 

0 88 

0 94 

\cetio acid, mil 

(0 04) 

(0 15) 

0 56 

0 60 

Buty no “ “ 

(0 02) 

(0 09) 

0 32 

0 34 

Alcohol (as ethanol), mst 

0 025 

0 10 

0 16 

0 26 

Carbon dioxide, nuf 

0 33 

0 24 

1 35 

1 76 

Hydrogen, mu 

0 38 

0 21 

1 93 

2 14 

Carbon recovery, % 

95 5 

98 

89 2 

97 3 


The results are given as mil of product per mu of glucose fermented Hydrogen 
and oxygen recoxenes from low iron fermentation were 96 to 100 per cent The 
hydrogen and oxygen recoveries with high iron, after correction for lactic acid pro 
duction, were greater than 100 per cent and indicated that 1 molecule of water enters 
into the acetic buty nc acid fermentation The values in parentheses were uncertain 
oinng to the small quantities involved 

■Vt the same tune sumlar buffered suspensions were mcubated without glu- 
cose, to serve as controls 

\fter 20 hours mcubation, 10 cc of 30 per cent metaphosphonc acid were 
added to etch flask The suspensions were centrifuged and each super- 
natant was collected and analj zed for residual glucose, lactic acid, % olatile 
acids, and alcohol The results of two complete experiments are showm 
m Table II The results from the control determinations without glucose 
are not mcluded m Table II smce the yields m every case were too small 
to be of significance The yields of lactic acid from glucose produced by 
washed suspensions are in good agreement ivith those obtained from whole 
cultures Thus, with cells grown on a medium contauung excess irou, 
yields of 0 33 and 0 42 moles of lictu acid pei mole of glucose were ob 
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tamed The average of seventeen evpenments on supeinatants of whole 
cultures yielded 0 46 mole with a vanation from about 0 3 to 0 5 mole of 
lactic acid produced pei mole of glucose fermented The iron-deficient 
cells yielded 1 6 and 1 73 moles of lactic acid pei mole of glucose fermented, 
compared with an average of 1 66 moles produced bj four cultures grown 
in defer rated gelatin hydrolj'sate medium From pielmiinarj’' results it 
would appeal that volatile icid pioduction bj whole cultures will also 
check the results with washed suspensions, suggestmg that caibohydrate 
fermentation is the sole source of these products m the defined medium 
With the exception of butyric acid production, the yields of the vanous 
products from glucose by organisms of high iron content agree fairly well 
ivith those reported by Friedemann and Ivmieciak (1) The medium 
used by them apparently contained close to the optimal iron concentration 
Fnedemann and Ivmieciak’s jnelds of butyric acid were very much lower 
than ours 


DISCUSSION 

According to Kubowutz (9), all fermentations m which free hydrogen is 
concerned are inhibited by carbon monoxide In particular, Kubowitz 
showed that the fermentation of glucose by washed suspensions of Clos- 
indium butyncum, from which acetic and butyric acids are normally 
produced, ls shifted towards a pine lactic acid type of fermentation when 
the process is allowed to take place under carbon monoxide Relatively 
high concentiations of cyanide (10"- m) tend to cause a shift m metabolism 
m the same direction The i esults here reported show that a similar change 
m metabolism of Closindiuin uelchti may be bi ought about by reducmg 
the iron content of the bactena Piovided the medium contains an excess 
of non, the prmcipal fermentation products from glucose are acetic, butyric, 
and lactic acids, ethyl alcohol, and consider able quantities of carbon dioxide 
and hydrogen On the other hand, when Ci uelchii is grown on a medium 
deficient m iron, the fermentation process is a far less efficient one and lactic 
acid is the chief end-product Organisms of low iron content produce 
minim al quantities of gas and of acetic and butync acids, whereas the 
yield of lactic acid from glucose under these conditions may be mcreased 
more than 5-fold Smce lactic acid is an end-product and smce added 
lactic may be recovered unchanged from cultures of Cl wdchtt giown m 
the presence of excess iron, it would appear that two separate mechanisms 
exist for the breakdoivn of glucose One of these would require the 
presence of a considerable amount of an iron-contaimng enzyme Both 
mechanisms presumably act simultaneously, but the extent to which a 
given pathway is followed is dependent upon the concentration of nron- 
contammg enzyme withm the cell In all probabihty, it would be this 
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iroa-contammg enzyme which is inhibited by caibon monoMde and cyanide 
m the experiments of Kubowtz referred to above 


Glucose 


intermediate * 2 lactic acid 


Fe\enzyme 

Acetic acid 
Butyric acid 
Alcohol 
Hydrogen 
Carbon dioxide 


Further work is necessaiy to determine the existence “atuie of such 
an iron-containmg enzyme and the reaction which it catalyzes 

mtermediate m the accompanymg scheme "^^y'^f.'^fPf’^iTsame shift 
derivative thereof, since Kubowitz (9) demonstrated ™ 

towards lactic acid production under carbon monoxide occurs inth pi mva 

'^iTi^nerSirsuppS^hat strict anaerobes, such as the 
do not posses the cytochrome system ( 10 ) 1 he enzyme 

must, therefore, contam iron m some other orm manner com- 

that ihe iron is loosely bound m the postulated enzyme m a ma^e^ com 
parable to magnesium in the thiamme-contau^g enzyrn^ ^^*tell ^ 
place, lactic acid and gas production by was ® ’ bipyridme 

growth in defined media, are completely inhibited by 0 002 
This suggests that iron is not present as a hemm denvative » ^o “e^_ 
that iro?may enter mto some other step m 

down besides the reaction leadmg to ace ic and ^ 

This inhibitory action of bipyndme on Closlridmvi wc toghrome 

trast to Its effect on aerobic organisms known to 

system Groivth and metabolism of the diphtheria bacillus 

are apparently unaffected by bipyndme r riosindtum welcJnt 

butync acid fermentation by washed suspensm^ ty^ of 

IS relatively insensitive to cyanide and t e s potassium 

fermentation is only partial even m the presence ° 3 ^, 

cyamde Fmally, preliminary ot^er 

effect does not occur when morganic iron is p 

metals such as manganese and copper m iron, lactic acid 

men ,ro. m added to P-ccci". 

remains the chief ead-product Howeter, a, nvide and hydrogen 

there m a small but dcBmle acceleration m the 

production and the final yield of lactic acid is someuhat lowered 

* Pappenheimer, A M , Jr , unpublished e\perinien 
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One of the common leactions used for the identification of Clostndiwn 
uelchii IS its ability to produce the so called “stormy fermentation” m 
imlk In order to obtam consistent and charactenstic reactions, the 
addition of iron has been recommended (11) The significance of this 
finding IS clear from the present results, since milk is knoini to be deficient 
m iron 

So fai as i\e are anare, there have been no previous studies on the effect 
of iron on carbohydrate metabohsm of pathogemc bactena reported m the 
literature It has been recently shown that carbohydrate utilization and 
gas formation by a strain of the tetanus bacillus are mcreased "with in- 
creasmg iron concentration m the medium ’ On the other hand, it has 
been known for some time that traces of iron eNert an important influence 
on the yields of vanous other metabolic products, notably bactenal toxins 
Thus ma"ximum yields of porphyrm and toxm by the diphtheria bacillus 
(12) and of tetanus to\m by most strains of the tetanus bacillus (13) are 
obtamed only under conditions of relative iron deficiencj In the present 
expenments with Clostridium welchii, iron concentrations necessary for 
maximum toxm (lecithmase) production, maximum growth, and irununum 
lactic acid production comcided Provided the medium is suitable for 
toxm production, the yield of toxm or lecithmase closely parallels the 
change in metabolism The relationship between the lecithmase produc- 
tion and carbohydrate metabohsm is not a direct one, however, since the 
shift to a lactic acid tj pe of fermentation at low iron concentration occurs 
equally w ell under conditions otherwise unsuitable for lecithmase produc- 
tion (that IS, in the absence of toxm-promotmg factor) 

It may be remarked m closmg this discussion, that carbohydrate nietab 
olism, lecithmase production, and growth of Clostridium weldm are not 
the only factors dependent upon the concentration of iron m the medium 
The morphology of the organisms is markedly altered as well Organisms 
of low iron content are elongated, curved, and entirely atypical As their 
iron content mcreases, there is a gradual transition to the typical morpho 
logical structure, which parallels the altered metabolism Further work 
LS m progress on this phase of the problem 

SUMMARY 

The products obtamed from the breakdown of glucose by Closlndium 
welchii depend upon the iron content of the cells 

As the iron content is decreased, the reaction shifts from a predommantly 
acetic-butync acid type with production of large amounts of carbon dioxide 
and hydrogen towards a more purely lactic acid type of fermentation wit 

» Mueller, J H , and Pickett, M J , personal communications 
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slight gas fonnation Under the conditions of these expenments the iron 
concentration necessary for maximum growth, optimum toxm production, 
and minimum lactic acid production is identical A progressive change m 
morphology accompames decreased cellular iron content and parallels the 
change in metabolism 

One of us (A hi P , Jr ) is greatly indebted to Dr Morns J Pickett of 
the Department of Bacteriology, Harvard Medical School, wthout whose 
advice and assistance this work would not have been completed 
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THE DETERMINATION OF PHENYLALANINE IN PROTEINS* 

Bv W L BROWN 

[From the Department of Chemistry, Georgia Agricultural Experiment 
Station, Experiment) 

(Received for publication. May 29, 1914} 

In an attempt to use the modification of the Kapeller-Adler reaction (1) 
for the detenmnation of phenylalanme, desenbed by Block and coworkers 
(2, 3), we have found, m agreement tvith Rhight and Stanley (4), that 
tryptophane mterferes These authors corrected for the mterference by 
subtraction from the colorimeter reading of the unknoivn a value corre- 
spondmg to the amount of tryptophane present in the aliquot of solution 
taken for analysis In om experience the amount of color produced by 
phenylalamne may vary somewhat from day to day, so that for greatest 
accuracy it would be necessary to redetermine the correction for trypto- 
phane each tune phenylalanme is determined 

The use of acid for hydrolysis might at first glance appear to be desirable, 
m that tryptophane would be destroyed simultaneously Block et al (3) 
have pomted out that phenylalamne is destroyed to a ceitam extent when 
acid IS used for hydrolysis But even if this loss of phenylalamne by acid 
hydrolysis is taken into consideration, then results for different hydrolytic 
agents recalculated on this basis are not m agreement with each other 
This probably mdicates that the destruction of tryptophane was neither 
uniform nor complete m all cases 

\ more desirable method would mclude the i emoval of tryptophane from 
the aliquots of the protem hydrolysate before the phenylalanme is mtrated 
It appeared that this might be accomplished satisfactorily by means of the 
well known precipitation with mercuric sulfate 

EXPBRIMENTAn 

Reagents — 

Sodium hydroxide, appioximately 5 n 

Kaolin 

Sulfune acid, approximately 7 N 

Mercuric sulfate solution, 15 pei cent, 30 gm of mercuric sulfate are 
placed m a 200 ml flask and 80 to 90 ml of 7 N sulfune acid are added, fol- 
lowed by 30 ml of distilled water The flask is shaken until the solid is 
completely dissolved and the solution is then made to 200 ml ivith 7 n 
sulfune acid The solution may be filtered if necessary 

Published with the approval of the Director as paper No 130, Journal benes 
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Celite Analytical Filter-Aid, Johns-ManviUe 

Nitrating mixture Dissolve 20 gm of powdered potassium nitrate m 
100 ml of concentrated sulfuric acid 
Hydroxylamme hydrochlonde, 30 gm of hydroxylamme hydrochloride 
dissolved m 100 ml of distilled water 
Ammonium hydroxide, concentrated ' 

Procedure 

A gm of pro tern is hydrolyzed under a reflux m an oil bath at 125° with 
16 ml of 5 N sodium hydroxide A 2 5 X 20 cm Pyrex test-tube fitted ivith 
a “cold finger” made of a 1 5 X 15 cm test-tube, rubber stoppei, and glass 
tubing IS used for this purpose (5, 2) In order to obtam complete hydrolj - 
SIS the solution is heated for 24 hours If peptides are present, these are also 
precipitated by mercuric sulfate At the end of the period of hydrotysis, 
24 ml of 7 N sulfuric acid are slowly added to the hot solution with stirnng 
The condenser is washed down and the ammo acid solution is transferied to 
a 100 ml volumetric flask After the cooled solution is made to volume 
with distilled water, 400 mg of kaolin are added, the suspension is shaken 
well, and the solution is centrifuged and filtered through dry filter papei 
If filtration is slow, the filter is covered with a watch glass to prevent 
evaporation 

Four ahquots of the filtrate, contammg approximately 1 5 to 2 mg of 
phenylalanme, are pipetted mto 40 ml graduated centrifuge tubes Water 
IS added to the 20 ml mark Then 6 ml of the 15 per cent mercunc sulfate 
solution are added and the tubes are placed m a gently boilmg water bath 
for 10 mmutes The solutions are allowed to cool and 4 ml of 7 n siilfunc 
acid are added The solutions are diluted to the 40 ml mark with water, 
20 mg of Celite are added, and the contents nuxed and centrifuged for 5 
mmutes The supernatant solution is decanted carefully fiom the tiypto- 
phane-mercunc sulfate complex and Cehte into a 50 ml centnfuge tube, 
drained, and the lip rinsed with a few drops of distilled water 
The mercury is precipitated from the supernatant solution with h^ ■ 
sulfide, centrifuged, and filtered The precipitate remaimng m the cenvi 
fuge tube is mixed ivith 12 ml of distilled water, a drop of 7 n sulfuric 
added, and hydrogen sulfide is bubbled through agam Aftei the > 
tate IS centrifuged, the washmgs are decanted through the same filter 
The excess sulfunc acid is removed by the addition, with stirring, ■ 
about 8 gm of banum hydroxide (octahydrate) dissolved m 10 ml of hot 
distilled water The solution should remain acid to Congo red paper By 
using 1X8 mm strips of indicator paper, losses of phenylalanine absorbed 
by the paper are msignifieant At this point the volume should be small 
enough for the solution and precipitate to be transferred quantitativeh into 
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a 100 ml centrifuge tube After being centrifuged, the supernatant solu- 
tion 13 decanted through a filter The residue of banum sulfate is rubbed 
and washed thoroughly mth 50 ml of hot distilled water contammg a drop 
of sulfuric acid and a drop of capryl alcohol The tubes are centnfuged 
and the supernatant solution decanted thi ough the filter The washmg and 
centnfugmg are repeated with 40 ml of hot distilled water and a drop of 7 
N sulfunc acid 

The filtrate and washmgs of each aliquot are evaporated to dryness m 7 
cm porcelam dishes on the steam bath After bemg cooled, 4 ml of the 
mtratmg imxture are added to each dish and the dishes are warmed on the 
steam bath for 20 mmutes While still hot, the mtrated solutions are 
transferred to 50 ml stoppered graduated Pyre\ cyhnders If small poi- 
tions of water are used for washmg, the final volume m the cylmders can be 
kept to a maximum of 18 to 20 ml 

The solutions are cooled m ice water to 0° When cold, 5 ml of 30 per 
cent hydroxylamme hydrochlonde are added to three of the graduates One 
ahquot of each set, to which no hydroxylamme hydrochlonde is added, it. 
used as a protem blank The solutions are again cooled m ice water for 1 
mmute, and all are diluted to the 50 ml mark with ice-cold concentrated 
ammomum hydroxide If the ammoma is added slowly down the side of 
the graduate, this can be accomplished ivithout danger, but great care must 
be exercised The solutions are mixed and the color is allowed to develop 
at room temperature for 45 mmutes Before the end of this penod, but 
after the solutions have come to room temperature, the final adjustment m 
volume IS made The colored solutions may be filtered through fast, dry 
paper if a precipitate is formed 

The transmission of the color developed is determmed at \ 560 m/i ivith 
a Coleman No 11 spectrophotometer The solution to which no hydroxyl- 
amme hydrochlonde was added is used as the blank Photoelectric colorim- 
eters with 560 mji filters should be satisfactory also 

It IS advisable to detemune the factor for the color produced by phenylal- 
anme each tune detenmnations of phenylalanme m protem are made 
Ahquots of standard phenylalanme solution contammg appioximately the 
quantity expected m the ahquots of protem hydrolysate have proved to be 
quite satisfactory for this purpose Summerson (6) has called attention to 
the desirabdity of this procedure over that of readmg from a cun^e prepared 
some time earher 

Recovery of Phenylalanine — A mixture of ammo acids havmg the composi- 
tion shown m Table I was prepared To ahquots of this mixture nere 
added 2 mg of phenylalanme and, m some cases, tryptophane The nitra- 
tion and development of color were earned out m the usual manner The 
results obtamed are shown m Table II It is obvious that m the presence 
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of tiyptophane an increase in color value related directly to the amount of 
tryptophane present is obtained Satisfactory recovenes of phenylalanine 
are obtained when the added tryptophane is removed as outlmed 
Punfied gelatin was used for checkmg losses m the process for the separa- 
tion of tryptophane from phenylalanine because this protein contains, at 
most, only a trace of tryptophane The gelatm was hydiolyzed inth 5 n 


Table I 

ComposiUoti of Ammo Aad Mixture* 


dZ-Alanme 

0 2161 

di-Threomne 

im 

0 1203 

f-Aspartie acid 

0 2872 

d-Arginine monohydrochloride 

0 5092 

1-Tyrosme 

0 2771 

df-Senne 

0 0952 

df-Methionine 

0 0335 

f-Leucine 

0 1212 

f-Cystine 

0 0730 

f-Histidine dihydrochlonde 

0 0917 


* Heated with 30 ml of 5 n sodium hydroxide under a reflux at 130° for 3 hours, 
added to 45 ml of 7 n sulfuric acid, and made to 200 ml 


Table II 


Recovery of Phenylalanine from Synthetic Mixtures 


Ammo acids tokea 

PhenylalaDine recovered 

Tryptopbaoe 
not removed 

Tryptophane 

removed 


mt 

mt 

mt 

Ammo acid mixture 

25 5 



Phenylalanine 

2 0 



Ammo acid mixture 

25 5 



Phenylalanine 

2 0 

2 50 

2 05 

Tryptophane 

0 4 


1 

Ammo acid imxture 

25 5 



Phenylalanine 

2 0 

2 80 

2 06 

Tryptophane 

0 8 




sodium hydroxide and the hydrolysate prepared for analysis as descnbed 
Three senes of detenmnations of phenylalamne were made In the first 
senes, the detenmnations were made accordmg to Block and Bollmg (2), 
without further modification In the second, the process for the removal of 
tryptophane as outlmed above was applied and the excess of sulfunc acid 
was removed ivith banum hydroxide Banum carbonate was used m place 
of banum hydroxide to remove the excess sulfunc acid m the third senes of 
detenmnations 1 39, 1 34, and 1 70 per cent respectively of phenylalamne 
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were found for the three senes As shown, there is no significant loss of 
phenylalanine when the determination is earned out as outlined The 
values obtamed when barium carbonate is used to remove the excess sulfunc 
acid are too high This observation although repeatedly made was not 
mvestigated further It does show, however, that it is desirable that the 
barium hydroxide used be low in carbonate Erratic results have been ob- 
tamed when old banum hydroxide contaimng considerable carbonate was 
used 


Table III 

Phenylalanine Content of Proteins 


Ptepara 
tion No • 

Protein 

Phenyl 

alanine 

content 

Values from literature and bibliographic reference 
No 

1 

Aiachin 

fer ctnif 

5 03 

per cent 

2 60 (7) 

2 

Conarachin 

3 29 


3 

Water-diapersible 

4 56 


4 

peanut protein 
Casein 

3 99 

3 88 (8), 3 70 (9), 5 8 (2), 3 2 (10) 

5 

Lactalbumin 

3 63 

2 4 (11), 1 25 (12), 4 8 (2) 

6 

Gelatin 

1 57 

1 15 (1), 1 4 (13), 1 8 (14), 2 6 (3) 

7 

Hair (human) 

1 80 

2 7 (15) 

8 

it i4 

1 90 



• Preparations 1 and 2, arachin and conarachin described earlier (16) , Preparation 
3, water-disperaible peanut protein described earlier (17), Preparation 4, Labco 
vitamin-free casein, Preparation 5, Labco 7-HAAX lactalbumin. Preparation 6, 
Paatman Kodak Company purified calf skin gelatin, Preparation 7, human hair, 
brown, 14 year-old female, suspended in distilled water at room temperature for 12 
bouts, dried on filter paper for 12 hours, then extracted in a continuous extraction 
apparatus with 95 per cent alcohol, ether, and then petroleum ether for 48, 24, and 24 
hours, respectively, Preparation 8, human hair, gray, 60 year-old female, treated as 
Preparation 7 

t Averages of several determinations corrected for moisture and ash 

Results 

In Table III are shown the results obtamed for phenylalanme op eight 
protem preparations by the modification reported here Included for com- 
parison are the results found by several other mvestigators The result 
reported here for casern agrees well with those reported by Foreman (8) and 
by Hegsted (9) The latter value was obtamed by nucrobiological assay 
Determinations of phenylalanme made without removal of the tryptophane 
gave results which, with the exception of gelatin, m general agreed with 
those of Block and BoUmg (2, 15) 
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SUMiMARY 

1 The presence of tiyptophane m a mixture of ammo acids or m a protem 
hydrolysate mterfeies in the deteimmation of phenylalanme by the Kapel- 
ler-Adler reaction When the tryptophane is removed by piecipitation 
ivith mercunc sulfate solution before miration, reliable results are obtained 
for phenylalanme 

2 The results foi phenylalanme obtamed by the modified method on 
Bight protem preparations are leported 
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WATER-SOLUBLE VITAMINS IN HAIR AS INFLUENCED 

BY DIET 

Bt LEO J NOVAK* and OLAF BERGEIM 

(From the Department of Physiological Chemistry, College of Medicine, University of 

Illinois, Chicago) 

(Received for publication, Mav 15, 1944) 

The first part of the present paper deals with a method for determinmg 
certam water-soluble vitamms m hair, and the second part concerns vena- 
tions m the concentration of these vitamms m the hair as mfluenced by 
diets low m one or more of such vitamms 

Methods 

No method for the determmation of water-soluble vitamms m hair 
appears to have been previously reported The special problem presented 
m the case of hair is that of breakmg it up so that the soluble constituents 
can be extracted without destroying any of the vitamms One type of 
procedure that suggested itself was actuallj' to dissolve the keratin of the 
hair by the use of solutions of sodium sulfide, potassium cyanide, or thio- 
glycohc acid at alkahne pH, as shown by Goddard and Michaehs (1) 
This procedure did not fit in veiy well with microbiological determmations 
of the vitamins Resort was therefore had to grmdmg, and the use of the 
ball null for this purpose was studied Routh and Lewis (2, 3) found that 
ground wool was digested by trypsm and that some oxidation of the sulfur 
of the wool occurred on prolonged grmdmg We have studied the use of 
the ball null as a prehmmary procedure in the analysis of hair for water- 
soluble vitamms The foUowmg procedure was found to be most satis- 
factory 

Procedure — The hair is washed with cold water and dned at about 60° 
From 0 5 to 1 0 gm of the washed dned hair is ground m a small ball mill 
at 75 R p M for 3 days In this way from 95 to 100 per cent of the hair 
becomes soluble An appreciable amount of inorganic matter is added 
from the stones A smtable amount of dried ground hair (usually from 0 4 
to 1 0 gm ) IS shaken with hot water and then filtered The residue on the 
filter paper is washed twice with hot water, the washmgs and filtrate com- 
bmed, cooled, and made up to 40 or 50 cc One-fourth of the solution is 
kept for the nicotmic acid determmation (4) The remamder is extracted 

* This paper is based on a thesis submitted in partial fulfilment of the requirements 
for the degree of Doctor of Philosophy in Physiological Chemistry in the Graduate 
School of the University of Illinois 
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With an equal volume of ether to remove fatty acids, which have been 
shown to mterfere with assay methods (5) The aqueous ether-extracted 
solution IS analyzed for nboflavm (6), pantothenic acid (7), and mositol 
(8), with 0 5, 1, 3, and 5 cc samples A portion of the ground hair is ashed 
in a crucible and loss of weight determmed so that a correction can be made 
for morganic matter added from the stones 
Discussion of Method — The influence of washmg the hair with watei, 
alcohol, and ether before gnnding was studied, as well as the effect of wash- 
mg the ground matenal with alcohol before analysis Table I shows no 
appreciable effect of either procedure on the results, so that no appreciable 
loss of these vitamms from the hair by washmg seems likely and the vita- 
mms found can hardly be in appreciable degree merely adherent to the haii 
but appear to be integral components 


Table I 

Effect of Washing with Various Solvents on Vitamin Content of Hair of Normal 

Albino Rats 



Vitamins per gm dry hair 

j 

Riboflavin 

Pantolhenic 

acid 

Nicotinic acid 


T 

y 1 


Hair not washed before gnnding 

3 7 

7 8 

BSI 

Ground hair washed with ether 

3 5 

6 2 


“ “ “ “ alcohol, alcohol 


1 


solution analyzed* 

0 6 

0 0 

0 0 

Hair washed with water, alcohol, and ether 


1 

i 

before grinding 

3 0 

7 2 

10 0 


* The alcohol was evaporated and the residue dissolved m 10 cc of distilled water 


Washing the ground hair with alcohol or ether to remove fatty acids also 
does not appear to be essential 

That the hot water extraction of vitamms from the ground hair was com- 
plete was indicated by the failure to find any further vitamin in the ex- 
tracted hair residue on further extraction In one senes of tests the 
residue was extracted with hydrogen sulfide No furthei pantothenic acid 
was extracted by this procedure which had been previously shoivn not to be 
destructive of pantothenic acid (Fig 1) 

Further treatment of the residue wnth trypsm at pH 8 also gave no addi- 
tional pantothenic acid or nicotmic acid Another check consisted in de- 
temuning mcotmic acid directly m the ground hair by acid hydrolysis 
The same values were obtamed as ivith the hot water extract These re- 
sults are not surpnsmg, considering the fact that practically all of the hair 
IS rendered water-soluble by the gnndmg process 
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Regarding the possible destruction of the vitamins by the gnnding proc- 
ess, it was found that when a given hair was ground first for 3 days and 
then a portion ground further for 3 days longer, similar results were ob- 



ICXD rmCro^rama of 
pantothenic acid 
used in digestion 


60 70 6 0 90 l6o lio lix> ZNNaOH 
pH of pantothenic acid solution 
saturated with H^S 

Fio 1 Extraction of vitamins from hair 


Table II 

Stability of Vitamins to Grinding 



Water soluble viUmm conteot of dry 
ground bair 


Ribodavin 

Patbothenic 

acid 

Ntcotimc aud 

Normal albino rat hair ground 3 days 

yftrim 

4 5 

ypcrtm 

12 0 

rpertm 

14 0 

(( tt tt Q ** 

4 0 

13 0 

15 8 

"Human black hair ground 3 days 

0 2 

0 5 

1 S 

ft It It g It 

0 3 

0 5 

3 0 


tamed, mdicatmg no destruction of vitamins in the 3 additional days of 
grmdmg (Table II) 

The fact that ground hair of the normal albino rat shows ratios in the 
concentration of the vitamins to each other, similar to ratios found in other 
rat tissues, also suggests that no great destruction of any one vitamin was 
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likely to have occurred (7) If destruction occurred, it would be expected 
that the very stable nicotinic acid would show relatively high results but 
this IS not the case 

Table III presents some results on normal albmo rat and human hair 
In further suppoit of the microbiological analyses it may be of mterest 
to cite an expenment m which ground haii was fed to rats deficient m the 


Table III 

Results of Method As Applied lo Rat and Human Hair 


Type of hair 

Hair* ex 
traded by 
various 
proceshes 
from 

ground > 
materia) j 

Total loss : 
on ignition 
after , 
grinding ' 

1 

Water soluble vitamins per gm 
on dry basis 

Nicotinic 
acid in 
hydrolyzed 
ground 
hairt 


Panto- 

thenic 

acid 

Nico 

time 

acid 

Ino- 

sitol 


1 per 1 

cent 

per, 

cent 


y 

7 


7 


7 

y pa 
dry. 

■tm 

hatr 

Young normal albino rat 

93 

0 

95 

5 

4 

5 

10 

0 

15 

Q 

180 

17 

0 

<< t< it i< 



87 

m 

2 

8 

13 

0 

17 

ri 


18 

5 

H (< (( it 

16 

0 

48 

2 

3 

1 

5 

4 

19 

3 


22 

8 

tt <t U (t 

59 

0 

64 

m 

4 

0 

9 

5 

21 

El 


19 

5 

(t it tt 

57 

0 

61 

3 

3 

8 

7 

0 

15 

6 

190 

15 

8 

Old normal albmo rat 

58 

5 

69 

3 

2 

5 

41 

0 

15 

0 

180 

18 

0 

tt ft It tt 



58 

m 

2 

9 

8 

5 

12 

0 

150 

14 

5 

Young normal human, fiery 














red hair, male , age 13 yrs 

35 

0 

38 

3 

1 

2 

1 

2 

5 

7 

361 

7 

5 

Gray-haired man, full head 














of hair, age 62 yrs 

to 

0 

43 

7 

0 

9 

0 

5 

4 

6 

28 

5 

2 

Blonde man, full head of 







1 







hair, age 30 yrs 

41 

0 

40 

8 

1 

3 


a 

Ea 

5 

200 

10 

0 

Brown-black hair from 








1 






middle aged man, full 














head of hair 

oO 

0 

55 

4 

1 

5 


3 

6 

i 

250 

9 

1 


* That IS by water extraction, H S digestion with borate buffer at pH 10, and HjS 
and trypsin digestion 

t Ground hair hydrolyzed nith 7 n HCl for 8 hours, neutralized, filtered, concen- 
trated, and the neutral concentrate analyzed for nicotinic acid 


water-soluble vitamins and definite impiovement m growth was observed 
Such an experiment is illustrated m Fig 2 

Influence of Diet on Water-Soluble Vtlainm Content of Rat and Human Hair 

Many studies have been earned out in an attempt to relate the vitamins 
of the diet to alopecia, achromotnchia, and other disturbances of hair 
growth No studies, however, appear to have been reported on the vitanun 
content of ham as influenced by diet In this study analyses were made foi 
nicotmic acid, mositol, pantothenic acid, and nboflavin in the hair of rats on 
diffeient diets Some observations on human hair aie also included 
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— Water-soluble vitamin- 
defiOient diet 



Fiq 2 Effect of feeding ground Lair to rats deficient in the water soluble vitamins 


Table IV 
Basal Diets 


Constituents in diet 

Diet A 

Amount of £0 

DietB 

i&tenal in di( 

DietC 

It 

DietD 


per cent 

per cent 

Per cent 

per cent 

Vitanuu-free alcohol-extracted casein 

21 

21 

12 

21 

Com-starch, “ 

66 




Dextrose 


66 

83 

66 

Com oil (hot water-extracted) 


8 7 

0 8 

8 7 

Butter fat (prepared) 

8 5 




Salt mixture, U S P XI, No 2 

4 3 

4 0 

4 0 

4 0 

Vitamin A and D concentrate (Natola) 

0 2 

0 2 

0 2 

0 2 

" E concentrate (Viobin) 


0 1 


0 1 




7 r" 

y per rw 

Thiamine hydrochloride 



65 

16 

Riboflavin 



65 

31 

Calcium pantothenate 




48 

Byridoxine hydrochloride 



130 

16 

Chohne hydrochloride 



130 

128 

Nicotinic acid 



130 

61 

Inositol 




128 

Biotin (crystalline methyl eater) 




0 22 


Methods — ^Young albino rats were kept for 30 to 40 days on one of a 
senes of diets (see Table RO Diet \ was a diet low in all water-soluble 
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Vitamins and contained extracted casern and com-starch, butter fat, salt 
nu\ture, and vitamins A and D Diet B contained dextrose mstead of 
starch and com oil as the fat Diet C resembled Diet B but adequate 

Table V 


Water-Soluble Vitamin Content of Hair from Rats* on Various Diets 


Biet 

Water soluble vitonuns per gm hair on dry basis 

Ribollavin 

Panto 
theme acid 

NicoUmc 

acid 

Inositol 


■1 

Y 

7 


A 


0 2 

8 5 


tt 


1 0 

8 5 


tl 

0 4 

0 7 

7 6 


“ + 100 7 Ca pantothenate per gm diet 

1 0 

8 5 

■31 


** -f- 100 “ ** “ ** ** 

0 9 

12 5 


253 

“ + 100 “ ** “ ** 


11 9 

m 


“ -b 100 “ pyridoxine per gm diet 

3 0 

2 0 


60 

(t *1- 100 ** ** ** 

3 8 

1 5 

5 8 

58 

tt ^ JQQ tt tt it it ti 

3 7 

2 9 


47 

“ 4- 1% sulfaguamdine 

2 2 

3 0 


98 

“ + 1% 

1 8 

2 3 

4 0 

80 

B 

2 4 

0 2 

9 3 

191 

it 

1 8 

0 6 

7 1 

199 

ti 

2 0 

0 8 

7 0 

243 

“ + 100 7 pyridoxine per gm diet 

3 9 

0 6 

11 5 

45 

•* 100 “ ** 

2 8 

1 4 

12 7 


“ 200 “ choline per gm diet 

2 1 

1 2 

19 1 

mm 

it 200 ** ** ** ** ** 

1 8 

1 5 

19 8 

49 

c 

4 2 

0 3 

19 4 

303 

il 

3 2 


23 6 

250 

a 

3 0 


20 6 

190 

ti 

3 8 

■9 

19 8 

270 

it 

3 6 


18 6 

250 

D 

4 2 


22 0 

210 

it 

4 0 

9 2 

18 0 

200 

ti 

3 2 

8 6 

17 5 

190 

Stock diet 

4 6 

10 0 

15 0 

ISO 

it ti 

4 0 

9 5 

21 0 

215 


* Animals on Diet A or Diet A plus 100 y of pyndoxine were fed for 40 days before 
hair samples were taken All other animals were fed for 30 days before hair samples 
were taken Pyridoxine and choline were given as the hydrochloride 


amounts of certam water-soluble vitamins were added, and it contained 
less casern as well as more dextrose In Diet D, all the well defined B com- 
plex factors were added 

Discussion— Table V shows the analytical results obtamed on rat hair 















L J NOVAK AND O BERQEIM 


289 


They show that the vitamms exist m somewhat the same ratio to each other 
as m most other rat tissues when an adequate diet is fed 
Some quantitative decrease from the normal was noted for each of the 
vitamms studied m certam cases Thus pantothenic acid values fell to 
about one-tenth the normal values on the deficient Diet B Similar low 
values were foimd on the deficient Diet A and addition of pantothemc acid 
to this diet brought the values back to normal With reference to mositol, 
the most stnkmg results were those showmg that addition of chohne or 
pyndoxme to diets deficient m the water-soluble vitamms markedly 
lowered the mositol content of the hair The explanation of this result is 
not yet clear but it correlates sigmficantly with low hair nitrogen to sulfur 
ratios on these diets, ‘ as well as a tendency to alopecia m rats m these 
groups (9) 

Table VI 


Waler-Soluble Vilamm Content of Human Hair from Men with Varying Degrees 

of Alopecia 


Hair source and description 

Water soluble vitamins pergm dry bair 

Ribo^avin 

Panto 
theme acid 

! NicoUmc 
acid 1 

1 

Inositol 


y 



y 

Partially bald, age 30 yrs 

0 




<1 « « 55 « 

0 2 1 


1 8 

95 

“ » ■' 60 '■ 

Partial alopecia areata in youn^ man ingest- 

0 1 


1 8 

70 

ing vitamin B complex tablets 

0 



95 


Table VI gives some data for human hair Tables II, III, and VI show 
that human hair contams less water-soluble \itamins than rat hair ivith the 
possible exception of inositol Many more analyses of human hair will be 
required to draw definite conclusions as to any relation of hair vitamm con- 
tent to grayness and baldness Our results do not indicate any definite 
alterations m this respect except perhaps m the case of mositol Lower 
than average values were found m certam cases of baldness 

SUMMARY 

A procedure is described for the determmation of water-soluble vitamins 
m hair mvolvmg the grmdmg of the hair m a ball mill, extraction w ith hot 
water, and application of imcrobiological methods 

Data are presented lUustratmg the apphcation of this procedure to the 
determination of pantothenic acid, nboflavm, nicotmic acid, and mositol m 
rat and human hair 

* Data to be published 
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Riboflavin, nicotinic acid, pantothenic acid, and inositol are found in 
normal rat and human hair m about the same ratio to each other as m other 
tissues Human hair has a lower content of the vitamins than rat hair 
The vitamm content of rat hair may be mfluenced by diet Low values for 
pantothenic acid were found on the vitamm-deficient diets and addition of 
pantothenic acid to such diets resulted m normal values for this vitamin 
There is some evidence that chohne or pyndovme may lower the mositol 
content of hair m the rat Low mositol values were observed m human 
hair from certam cases of baldness Further studies are necessary to estab- 
lish the significance of these findmgs 
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COLORIMETRIC ESTIMATION OF PHENYLALANINE IN 
SOME BIOLOGICAL PRODUCTS* 

By ANTHONY A ALBANESE 
With thl Technical Assistance of Dorothy L Waqnlr 

{From the Harriet Lane Home of the Johns Hopkins Hospital, and the Department of 
Pediatrics, The Johns Hopkins Unnersity, Baltimore) 
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The colorimetric estimation of phenylalamne m protem hydrolysates as 
described by Kapeller-Adler (1) is based on two fundamental prmciples 
complete suppression of the mterference from tyrosme and histidme, and 
the quantitative mtration and reduction of phenylalanme to the violet- 
colored ammonium salt of diaci-o-dmitrobenzoic acid Although this pro- 
cedure has pomts of superiority over other available techniques, in practice 
it presents several technical difficulties which tend senously to affect the 
accuracy of the final result These difficulties anse chiefly from (a) the 
use of phosphotungstic acid for the removal of histidme, (6) the evapora- 
tion of the sample to dryness in preparation for mtration, and (c) the use 
of concentrated ammomum hydroxide for the reduction piocess It is the 
purpose of this report to present experiments which have not only over- 
come these obstacles to satisfactory results with the origmal Kapeller-Adler 
method, but also afford greater convenience and rapidity of operation 

The removal of histidme and tyrosme, which was recommended bj 
Kapeller-Adler, has been reported by Block et al (2) as unnecessary if the 
color readmg is made mth Filter 56 In our hands, this simphfication has 
not been found satisfactory when data of high accuracy are desired It 
appears from our study that the yellow color which results from tyrosme 
and histidme mtroduces an error which is roughly proportionate to the 
amounts of these ammo acids present m the protein The error is par- 
ticularly great when the amount of phenylalanme m the protem is small m 
relation to the quantity of tyrosme and histidme Inasmuch as the de- 
struction of tyrosme by means of permanganate offers no difficulties, the 
accuracy of the data in part becomes contingent on findmg adequate means 
for the removal of histidme The successful use of phosphotungstic acid 
foi this purpose depends entirely upon accurately estunatmg the amount 
of this reagent required for the sample m hand An excess leads to low 
phenylalanme values due to (a) precipitation of phenylalanme as the phos- 
photungstate (3), and (6) mterference of reagent vnth color development 

* Mded by grants from the Rockefeller Foundation and t he \ utrition h ouiidation , 
Inc 
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On the other hand, an insufl5cient quantity of the reagent results m high 
phenylalanine values, oiving to a failure to precipitate all of the histidine 
It is obvious that considerable trial and error experimentation is necessary 
before satisfactory results can be obtamed These circumstances led us 
to attempt the removal of histidme by adsorption on permutit (4) This 
device has proved most satisfactoiy, smce, as will be demonstrated, the 
histidme is quantitatively adsorbed and the phenylalanme is not adsorbed 
at all Moreover, this procedure obviates the delay m the determmation 
which IS requisite for achievmg complete precipitation of histidme as the 
phosphotungstate 

A second obstacle to consistent results m the origmal procedure arises 
from the manner m which the sample is evaporated to diyness before 
mtration Evaporation on the steam bath as recommended by Kapeller- 
Adler was found to result m destruction of phenylalanme owmg to over- 
heatmg of the penpheral surfaces The errors from this source were found 
to be promptly remedied when the samples v ere evaporated m a 120“ oven, 
a techmque uhich reduces the time for the operation to about half that 
othenvise required 

The use of concentrated ammomum hydroxide for the development of 
I was found objectionable for three reasons (a) danger to the operator 
attemptmg to measure out necessarv amounts, (6) possible contamina- 
jn of samples for nitrogen analysis from escapmg ammonia, and (c) diur- 
nal variations m the concentration of ammoma m the reagent which may 
affect the color mtensity All three difBculties were overcome by substi- 
tutmg ammomum sulfate followed by 20 per cent sodium hydroxide 

experimental 

Reagents' — 

Pemniltt A GO mesh product was used and was activated as described 
by Whitehom (4) 

Nitration mixture 10 gm of potassium nitrate dissolved m 100 cc of 
concentrated sulfuno acid by shakmg the mixture at room temperature 
Acid permanganate solution 5 gm of potassium permanganate dis- 
solved m 100 cc of 10 per cent sulfunc acid solution 
Hydroxylamine-ammomum sulfate mixture 15 gm of hydroxylaimne 
hydrochloride and 20 gm of ammomum sulfate dissolved m 100 cc of 
distilled water 

Sodium hydroxide 10 and 20 per cent solutions 

Phenylalanine standard 100 mg of di-phenylalanme (Merck, 8 47 per 
cent N) dissolved m 100 cc of distilled water Smce quantitative transfer 
of this substance is difficult, it is recommended that the ammo acid be 
weighed chrectly m the volumetnc flask 

> Merik reagent quality chemicals were used throughout 
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l{—)-Tyrosi'ne {Merck) arid l{-\-)-htslidtne monohydrochlonde monohydrate 
{Merck) solutions were prepaied in suitable concentrations When refer- 
ence IS made to histidme, the correction for the monohydrochlonde mono- 
hydrate has been made 
Biological Products — 

Commercial -proteins The preparations exammed mclude casern (Har- 
ris), lactalbumm (Harris), amigen (Mead Johnson and Company), gelatm, 
U S P (Elmer and Amend), and fibrm (Wilson Laboratories) The anal- 
yses were performed without further refinement of the product 
Human hemoglobin This protem was prepared from human red blood 
cells by the method of Zmoffsky (5) 2 hters of red cells yielded 143 gm 

of crystallme hemoglobm which contamed 13 96 per cent mtrogen, un- 
corrected for moisture and ash 

Human hair Heterogeneous black hair obtamed from barber shop 
clippmgs was used for this analysis The uncorrected mtrogen content by 
micro-Kjeldahl determmation is 10 15 per cent 
Stock Rats— Three normal immature animals weighing 82 74, 81 5, and 
84 gm respectively from a hybrid albmo and hooded Norwegian colony 
were employed The abdommal cavity was opened and the contents of 
the gastromtestmal tract w'ere discarded The entire carcasses were then 
submitted to acid hydrolysis The results of these analyses are reported 
as an average figure The nitrogen content of the moist tissue was 3 12 
per cent 

Preparation of Hydrolysates — Constant boilmg hydrochloric acid (ap- 
proximately 20 per cent) w'as used throughout as the hydrolyzmg agent 
A ratio of 5 cc of this reagent for each gm of product was found suitable 
for effectmg complete hydrolysis on refluxmg the mnxtures foi 22 to 24 
hours The hydrolyses were performed m an all-glass (Pyrex) apparatus 
Smce the hydrolysates w'ere required for other analyses, larger quantities 
(25 to 50 gm ) of material w'ere used than w'ere actually required for the 
phenylalanme estimation For this purpose alone, the equivalent of 25 
to 50 mg of protem nitrogen is ample 
The excess of hydrochloric acid was removed in vacuo by three successii e 
concentrations and additions of w'ater The final product was quantita- 
tively transferred to a volumetric flask of suitable size, the volume ad- 
justed, and ahquots removed for nitrogen determination by the micro- 
Kjeldahl procedure (6) The removal of humm is not necessary, as this is 
filtered out by the subsequent passage through permutit The fat present 
m the rat hydrolysates was removed by a prelimmary gravity filtration 
through wet fluted Whatman paper No 12 
Analytical Procedure — ^A sample of the hydrolysate contammg 25 to 50 
mg of nitrogen is transferred to a 50 cc volumetric flask, diluted with 
water to about 25 cc , the reaction is adjusted to pH 4 (hi'drion paper) with 
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10 per ceat sodium hydroxide, and the mixture made to volume This 
solution IS passed at the rate of 1 drop per second through a column of 
10 gm of permutit contamed m a 150 mm calcium chloride tube plugged 
with coarse glass wool and fitted with a short piece of rubber tubmg and a 
pmch-cock to regulate the flow If the proportion of 25 to 50 mg of total 
mtrogen to 10 gm of properly activated permutit is mamtamed, the solu- 
tion will be found negative to Knoop’s test for histidme A positive test 
pomts to poorly activated permutit Duphcate 3 and 5 cc samples of the 
solution are transferred to 30 cc porcelam evaporatmg dishes and the 
tyrosme is destroyed by the dropwise addition of an excess of acid per- 
manganate solution The evaporatmg dishes are placed m an oven at 
120° Duphcate 1 and 2 cc samples of the phenylalanme standard also 
m 30 cc evaporatmg dishes are simultaneously evaporated to dryness m 



Fig 1 Diagram of hot air bath A, 150 watt Mazda projector flood lamp B, 
30 cc evaporating dishes 

the oven Care should be taken to remove the samples from the oven soon 
after they become dry, as prolonged heatmg (18 to 24 hours) tv ill result m 
the destruction of phenylalanme To each of the residues of the samples 
and standard are added 2 cc of mtration nuxture m such a maimer that 
the residue is washed down from the sides Nitration is completed by 
heatmg the samples on a hot air bath shown m Fig 1 for 30 mmutes 
Heatmg on the steam bath was found to inhibit complete mtration owmg 
to escapmg steam The contents of the evaporatmg dishes are transferred 
to 50 cc volumetric flasks with the aid of a small funnel and a minimum 
amount (5 to 10 cc ) of distiUed water, 5 cc of hydroxylamme-ammomum 
sulfate reagent are added to each sample and, after 5 mmutes, 20 cc of 
20 per cent NaOH are added slowly from a dispensmg burette The 
volume of each test solution is adjusted to the 50 cc mark with distilled 
water and the flasks are cooled m an ice bath for 10 mmutes The resultmg 
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solutions axe read in the lilett-Summerson photoelectnc colorimeter with 
Filter S-54 The color mtensity of these reaction mixtures has been found 
to remam constant for about 1 hour after the mitial 10 min ute penod of 
development 


Results 

In order to determme the quantitative effect of the modifications made 
m the conditions of mtration and reduction reactions, smtable ahquots of 
the phenylalanme standard were submitted to the manipulations previously 
desenbed The results of these experiments are shown m Fig 2 The 
hnear relationship of the color mtensity to the amount of phenylalanme is 



Fio 2 Relation of color intensity to amount of phenylalamne Each point repre 
seats the average value of ten determinations The bars above and below each point 
indicate the deviation range of the readings 

mterpreted as evidence of the adequacy of the modifications and of the 
vahdity of Beer’s law for the color reaction 
When samples of the phenylalanme standard were dried on the steam 
bath mstead of the oven, colorimeter readmgs rangmg from 40 to 55 and 
from 75 to 90 were obtamed for 1 and 2 mg of phenylalanme respectively 
A comparison of these values with those obtamed for similar amounts of 
phenylalanme by the diymg oven techmque (Fig 2) mdicates that a con- 
siderable loss of phenylalanme is mcurred when drymg is done on the 
steam bath 

In order to study the color mterference which results from the presence 
of histidme and t 3 rrosme, determinations were made upon the three ammo 
acids smgly and m mixture The photoelectric readmgs obtamed with 
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various filters and their equivalents as phenylalanine are recorded m 
Table I It is evident that none of these color filters permits ehnunation 
of the procedures for the removal of histidme and t3rrosme when data of 
high accuracy are needed 

The effect of the removal of histidme by adsorption on permutit and the 
oxidative elimmation of tyrosme by the action of permanganate on the 

Table I 

ColorimeU ic Behavior of Tyrosine and Htsltdine in Kapeller-Adler Reaction and Its 
Interference to Phenylalanine Determination 


Photoelectric readings and equivalent ammo acid as phenylalanine* 



Filter 

40 

Filler 

42 

Filter 

47 

Filter 

52 

Filter 

54 

Filter 

56 

Filter 

60 

Filter 

66 

di-Phenylalanine, 1 mg 

121 

151 

65 


64 



11 


1 00 




iRnl 



1 00 

f(— )-Tyrosine, 1 mg 

198 

296 


13 

15 



0 


1 64 

1 96 



msmm 



0 

Z(+)-Histjdjne, 1 mg 

SO 

65 

25 

Il2 

111 

1 5 

8 

2 


0 66 




liljrl 

0 08 


0 18 

'^henylalanine, 1 rag , 

240 


92 

78 

86 

65 

|45 

12 

f(— )-tyroaine, 1 mg , 
i(+)-histidine, 1 mg 

1 98 

3 18 

I 42 


1 34 

1 14 

1 12 



* The first reading for the respective ammo acids represents the photoelectric 
reading, the second the equivalent mg of amino acid measured as phenylalanine 


Table II 

Recovery of Phenylalanine Added to Amino Acid Mixtures 


Ammo acid mixture 

Phenylala 

nine 

to sample 

dl Phenyl 
aUnme 
added* 

Total 

phenylala 

nine 

found 

Recovery of 
added 
phenylala 
nme 

Z(+)-Hi8tidine, 0 5 mg , Z(— )-tyrosine, 

mg 

mg 

mg 

per cent 

0 5 mg 

0 0 

1 0 

1 02 

102 0 

Casein hydrolysate, 5 53 mg N 

1 93 

1 0 

2 93 

100 0 

Gelatin “ 11 76 “ “ 


1 0 

2 82 

102 2 


* Phenylalanine added before treatment of composite sample with permutit 


phenylalarune added to a mixture of tyrosme and histidme and to protem 
hydrolysates was also mvestigated Representative data are given m 
Table II The quantitative recovery of added phenylalanme points to the 
adequacy of these steps for analytical purposes 

The results of the phenylalanme analyses of the biological products are 
reported m Table III The maccuracy introduced m the phenylalanme 
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values of casern, human hemoglobm, and human hair by the failure to 
remove tyrosme and histidme is demonstrated by data recorded m Table IV 

Comment 

Although the modifications of the original Kapeller-Adler procedure for 
the estimation of phenylalanme suggested by this mvestigation have been 
found to be time-savmg, they also improve the accuracy of the determma- 


Tablb III 

Phenylalanine Content of Some Biological Substances 


Biological product 

Nitrogen 

content 

Phenylalanine 
N of total N 

Phenylalanine 
per 100 gm 
product 


per cent \ 

per cent 

gm 

Casern 

■EH 


4 77 

Anugen 



3 76 

Lactalbumin 

11 70 

2 08 

2 88 

Gelatin 

U 30 

1 30 

2 24 

Fihtm 

15 10 

2 75 

4 92 

Human hemoglobin 

13 96 

5 06 

7 84 

“ hair 

10 15 

0 11 

0 13 

Stock rata 

3 12 

2 57 

0 94 


• Not corrected for moisture or ash content 


Table IV 

Fffect of Presence of Tyrosine and Histidine on Phenylalanine 1 alucs 



Phenylalanine N of total N 

Protein 

Author 5 method 

Histidine and tyrosme 
present 

read with Filler 56 

Casein 

per cent 

2 98 


Human hemoglobin 

5 06 


“ hair 

0 11 

HilHi 


tion On smtable standardization of each step it is possible for a framed 
techmcian to perform a complete analysis m 3 to 4 hours with duplicate 
checks of better than 1 per cent When the original method nas used, 
the results of these assays were delayed 24 to 48 hours in order to achiei e 
complete precipitation of histidine phosphotungstate hloreoi er, possibly 
due to variations m the solubility of this salt, the results i\ere erratic 
The ehmmation of the use of concentrated ammonium hydrovide has been 
found to afford greater safety to the operator 
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SUMMARY 

Three improvements have been made m the ongmal procedure of 
Kapeller-Adler for the colonmetnc estimation of phenylalamne which effect 
a savmg of tune, and obtain greater accuracy and convemence of operation 
Of the seven biological products analyzed by the modified method, crystal- 
hne human hemoglobm was found to have the highest phenylalamne 
content 
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It has been shown that the xanthurenic acid (4,8-dihydroxyqumolme- 
2 carboxylic acid) found in the urine of pyridoxine-deficient rats onginates 
from dietary Z(— )-tryptophane (1) Smce it is known that many com- 
pounds closely related to tryptophane promote growth m the rat (2-8) and 
give rise to kynuremne and kynuremc acid m the unne (2, 9-15), it seemed 
of mterest to investigate some of these compounds as possible precursors of 
xanthuremc acid in pyridoxine-deficient rats Accordingly, studies have 
been made on the abihty of pyndoxme-deficient lats to convert into xan- 
thuremc acid the foUowmg d(-f-)-tryptophane, mdole-S-pyruvic acid, m- 
dole-3 lactic acid, indole-3-acetic acid, mdole-3-piopionic acid, abrme 
(N-methyl-Z(—) -tryptophane), kynuremne, kynuremc acid, and indole -f 
serme (16) 


EXPERIMENTAL 

Commercial preparations of Z(— )-tiyptophane, indole, dl-senne, mdole- 
3-propionic acid, and mdole-3-acetic acid were used The sample of <Z(-p)- 
tryptophane was given us by Dr C P Berg, Iowa State University The 
sample of abrme was kindly supplied by W M Cahill, Wayne University 
Indole-3-pyruvic acid, kynuremne, and kynuremc acid were prepared as 
follows 

IndoleS-pyrimc Acid — This acid was prepared from mdole aldehyde as 
described by Elhnger and Matsuoka (11), the mdole aldehyde having been 
prepared from indole by the method of Boyd and Robson (17) The final 
product was a buff-colored powder with an mdefimte meltmg pomt Prep- 
aration of the p-nitrophenylhydrazone yielded a crystalline product 
with a meltmg pomt m agreement with that repoited by Elhnger and hlat- 
suoka (11) and by Berg, Rose, and Marvel (5), and elementary analysis 
gave the following results 

CuH,NOj Calculated C 65 01, H 4 47 , N 6 85 
Found “ 65 69 , “ 4 61, “ 7 12 
299 
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Kynuremc Acid — ^The sodium salt of diethyloxalacetate ^vas prepared by 
alloivmg diethyloxalate (prepared by the method of Clarke and Davis (18)) 
to react mth sodium and ethyl acetate m anhydrous ether (19) 20 gm of 

sodium diethyloxalate ^\ere allowed to react r\ith 10 gm of aniline hydro- 
chloride m ethyl alcohol overnight at room temperature (20) The re- 
action mixture was poured into about 1 liter of nater and extracted with 
ether The ether solution containmg the anil was evaporated after dry- 
ing over anhydrous NaiSOj, leavmg a viscous yellow oil This oil nas then 
heated in an open tube held m an oil bath at 190-200° for 1 hour Upon 
cooling, the oil readily crystallized This product consisted of tno frac 
tions, ethyl kynurenate, readily soluble m ethyl alcohol, and a second frac 
tion, somenhat soluble m hot alcohol and insoluble in cold alcohol The 
product nas therefore entirely dissolved m hot ethyl alcohol and aliened to 
stand overnight in the cold room The crystals were then filtered off, the 
filtrate evaporated to dryness, and the residue refluxed mth 10 per cent 
NaOH for 1 hour The alkalme solution was decolonzed mth nont and 
upon acidification gave a bulky white precipitate which crystallized as 
needles from aqueous acetic acid The meltmg pomt of the hydrate nas 
287-288° When boiled with acetic anhydnde a red color developed (21) 
and elementary analysis gave the folloivmg results 

CuH,NOji, Calculated C 63 15. H 4 24, N 7 37 
Pound “ 63 23, “ 4 14, “ 6 88 

Kynurenine Sulfate — Z-Kynuremne sulfate was prepared from Z-trypto 
phane by the action of an umdentified Bacillus sp accordmg to the pro 
cedure described by Tatum and Haagen-Smit (22) 

Indole-3-lactic Acid — Indole-3-lactic acid nas prepared by the use of 
Oidtum lactis by the method of Ehrlich and Jacobsen (23) The product 
nas punfied by reprecipitation from ether mth petroleum ether The 
properties of the final product w ere similar to those reported by Ehrlich and 
Jacobsen (23) A micro-Dumas nitrogen detemiination gave the following 
results 

CiiHiiOiN Calculated, N 6 83, found, 7 30 

Diets, Care of Rats, and Methods of Testing — ^At weaning rats were put on 
a pyndoxme deficient diet consistmg of casern 27 parts, dextrose 58, Crisco 
5, lard 5, Sure’s Salt Mnxture 1 (24) 4, “sardilene” oil^ 1 To each kilo of diet 
V ere added thiamine hydrochloride- 10 mg , riboflavin^ 10 mg , Ca pantoth- 
enate- 40 mg , cholme 500 mg , mcotmic acid 100 mg , p ammobenzoic acid 
600 mg , inositol 1 gm , biotm* 25 7, l-acetoxy-2-methyl-4-naphthyI sodium 

' Sardilene, a commercial fish oil containing 400 units of vitamin D (largely vita 
min D,) and 3000 units of vitamin A per gm 

* Kindly supplied by Merck and Company, Inc , Rahway, New Jersey 
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phosphate 20 y, and “Mtamin E,”* distillate equivalent to 10 mg of toco- 
pherols 

Previous experiments have shown that from 2^ to 3 weeks on this diet are 
required for a rat to become sufficiently depleted m pyridoxme to excrete 
xanthurenic acid A positive ferric ammonium sulfate test (the appear- 
ance of a green color when iron salts are added to the urme) (1) was taken 
as an mdication of xanthurenic acid m the urme, and thus of pyridoxine 
deficiency 

T\\ 0 deficient animals ivere placed in a metabolism cage constructed with 
glass rod floormg and glass funnel so that the urme w as kept from contact 
with metal at all times Feces were prevented from fallmg mto the unne 
by a Witte plate placed m the funnel 

The rats were then fed a pyridoxme- and tryptophane-deficient diet iden- 
tical mth that previously described except that the casein was replaced by 
an equal amomt of acid-hydrolyzed casern plus 0 3 per cent cystme 
Watei was given ad IthtLum Under these conditions, xanthurenic acid (as 
evidenced by the feme ammonium sulfate test) disappears rapidly from the 
urme Accordmgly urine samples were tested with ferric ammomum sul- 
fate at 2 hour mtervals until the green color no longer formed (about 3 or 4 
hours m contrast to the previously reported time, 6 to 12 hours ( 1 )) This 
M as considered an mdication that the animals v ere deficient m tryptophane 
as well as m pyridoxme 4 to 6 hours were allowed to elapse before the sub- 
stance to be tested was fed 

The compounds mvestigated w ere fed m amomts equivalent to 30 mg of 
tryptophane Each rat was fed the calculated amount by stomach tube 
and the urme was examined hourly foi the presence of xanthurenic acid A 
siimlar amount was given after 6 hours and the urme similarly tested If 
the results were negative, the animals were given 30 mg of I(— )-trypto- 
phane and m every instance there followed positive tests for xanthurenic 
acid in from 2 to 4 hours 

All substances were fed again after the rats had received mtraperitoneally 
an excess of pyridoxme (100 7), smee previous work (1) showed that 20 7 
Were sufficient to cause the immediate disappearance of xanthurenic acid 
from the urme of a pyridoxme-deficient rat when I(— )-tryptophane was the 
precursor 

Duplicate tests were made wth all substances Of all the compounds 
fed, only I(— )-tryptophane and kynurenme were converted to xanthurenic 
acid by the pjTidoxme-deficient rat When pyridoxme was fed in addition, 
no xanthurenic acid was produced 

* 15 per cent concentration of nu\ed tocopherols from Distillation Products, 
Inc , Rochester, New York 
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DISCUSSION 

bmce only J(~)“tryptophane and kynuremne of the compounds fed 
yielded xanthuremc acid in the pyridoxme-deficient rat, this work can be 
considered supporting evidence with the pyridoxine-deficient rat for the 
ideas advanced by Musajo and Chiancone (25) that kynurenme is an mter- 
mediary product in the conversion of Z(—) -tryptophane to xanthuremc 
acid It should be pomted out that of the remaimng compounds d{+)- 
tryptophane (2, 3), mdole-3-pyruvic acid (4, 5), mdole-3-Iactic acid (26), 
and abrme (27, 28) can replace Z(— )-tryptophane for growth Apparently 
at least m the pyrido\me-deficient rat the metabolic degradation of d(+)- 
tryptophane, mdole-3-pyi’uvic acid, mdole-3-lactic acid, and abrme differs 
from that of Z(— )-tryptophane The mabihty of the pyridoxme-deficient 
rat to convert kynurenic acid to xanthuremc acid mdicates that the con- 
version of kynuremne to kynuremc acid is not reversible 
As would be expected, xanthuremc acid was excreted unchanged m the 
pyndoxme-deficient rat, but when pyridoxme was fed, xanthuremc acid 
could not be recovered from the rat urme The fate of such xanthuremc 
acid imder these conditions is at present unknown 

SUWilAEY 

1 Kynuremne and Z(— )-tryptophane yield xanthuremc acid in the 
pyndoxme-deficient rat 

2 Xanthurenic acid passes through the pyndoxme-deficient rat un- 
changed, but cannot be recovered from the uime of pyndoxme-fed rats 

3 Indole-3-pyiuvic acid, d(-l-)-tryptophane, mdole-3-propiomc acid, 
mdole-3-lactic acid, indole-3-acetic acid, abrme, indole + serme, and kynu 
remc acid do not form xanthurenic acid m pyridoxme-deficient rats 

BIBLIOGRAPHY 

1 Lepkovsky, S , Roboz, E , and Haagen-Smit, A J , J Biol Chem , 149i 19® 

(1943) 

2 Berg, CP,/ Biol Chem , 104, 373 (1934) 

3 du Vigneaud, V , Sealock, R R , and Van Etten, C , J Biol Chem , 98, 565 (1932) 

4 Jackson, K. W , / Biol Chem , 84, 1 (1929) 

5 Berg, C P , Rose, W C , and Marvel, C S , / Biol Chem , 85, 219 (1929-30) 

6 Asayama, C , Btochem J , 10, 466 (1916) 

7 Jackson, R W , and Jackson, W T , J Btol Chem , 96, 697 (1932) 

8 Berg, C P , and Potgieter, M , J Btol Chem , 94, 661 (1931-32) 

9 Matauoka, Z , J Btol Chem , 36, 333 (1918) 

10 Berg, C P , Btol Chem , 91, 513 (1931) 

11 Ellinger, A , and Matsuoka, Z , Z pkystol Chem , 109, 259 (1920) 

12 GorrelljJ T , Berg, C P , and Cowan, D W , J Btol CAem , 123, 161 (1938) 

13 Homer, A , Btochem J , 12, 290 (1918) 

14 Ichihara, K , and Igoto, S , Z physiol Chem , 243 256 (1936) 



iS is 


REID, LLPKOVSKY, BONNER, AND TATUM 303 

15 Kotake, Y , and Iwao, J , Z physiol Chem , 196, 139 (1931) 

16 Tatum, E L , and Bonner, DM,/ Biol Chem , 161, 349 (1943) 

17 Boyd, W J , and Robaon, W , Biochem J , 29, 255 (1935) 

18 Clarke, H T,andDavia,A W , Organic syntheses, Nen York, coll 1,261 (1932) 

19 Wisliconus, W , Ann Chem , 246, 315 (1S88) 

20 Musajo, T , Ga~z chim Jlol , 67, 222 (1937), C/iem Absir 31, 8536 (1937) 

21 Kertschy, M , Monatsh Chem , 2, 76 (1881) 

Tatum, E L , and Haagen Smit, A J , / Biol Chem 140, 575 (1941) 

Ehrlich, F , and Jacobsen, K A , Ber chem Ges , 44, 888 (1911) 

24 Sure, B , / Nitlr , 22, 499 (1941) 

25 Musajo, L , ind Cluancone, F M , Boll Soc liol btol sper , 10, 290 (1935), 

Chem Abstr , 29, 6292 (1935) 

26 Bauguess, L C , and Berg, CP,/ Biol Chem 104, 675 (1934) 

27 Gordon, W G , and Jackson, R W , / B,ol Chem , 110, 151 (1935) Gordon, 

W G , / Biol Chem , 129, 309 (1939) 

28 Cahill, 4V M , and Kotalik, G C,/ ^vtr 26,471 (1943) 




THE ACTION OF THE HUMAN SMALL INTESTINE IN 
ALTERING THE COMPOSITION OF 
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Considerable evidence has accumulated (1, 9, 12-14, 16) to show that m 
the rabbit, rat, and dog there is a certam constancy about the reactions, 
especially pH, of the various sections of the small intestine which have the 
appearance of physiological constants Data from mtubation studies per- 
nut this generalization to be apphed m a general way to the human 
Robinson, Luckey, and Mills (15) found that the jejunum of the normal 
human achieves a pH of approximately 6 6 regardless of whether acid or 
alkahne solutions of hyper- or hypotomc CaCL were mtroduced McGee 
and Hastmgs (8) found the reaction of human jejunal secretion to be 
pH 6 5 ± 0 3 As, regards the remamder of the small mtestme, little can 
be said except that it is generally agreed that both the secretion (7) and 
the content (4, 10) become progressively less acid as the ileocecal valve is 
approached 

A more exact knowledge of the regional characteristics, especially as 
these might alter the reaction of a simple isotomc sodium chloride solution, 
has now become a basic requirement fundamental to the studj'' of mtestmal 
absorption The need for such information is further emphasized by the 
fact that the medium from which absorption studies should be made must 
be reasonably isotomc, distilled water alone bemg injurious to the mtestmal 
mucosa (2) We have attempted to ascertain the characteristics of the 
various levels of the human small mtestme as these are reflected by the 
pH and change m the chemical composition of approximately isotonic 
sodium chloride 

Methods 

Eighteen successful mtubations were performed on eighteen normjil 
human subjects, aged 17 to 25 years, by the use of the Miller- Vbbott triple 
lumen tube equipped with a metal ohve The mterballoon space as 1 to 
15 cm , the distance from the oral end of the proximal balloon to ® ® 

as 36 to 38 cm The tube was taken m the mormng by a fastmg subject 


* Aided by a grant from the Bristol Myers Companj 
t Present address. Department of Phj Biology, Woman’s 
Pennsylvama, Philadelphia 
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Fluoroscopy hours later usually revealed the proximal balloon just 
beyond the pylorus with the ohve at or beyond the hgament of Treitz 
The balloons were gently distended by introducing 25 co of air, and the 
mterballoon space flushed with 40 to 50 cc of warm sahne A measured 
amount of the sahne (40 to 60 cc ) was then mtroduced and allowed to 
remam m the mtestmal segment for 15 to 20 nunutes After this time, the 
first sample was ivithdrawn under mmeral oil, with gentle suction provided 
by a siphon arm of 30 to 40 cm of water The first 10 to 15 cc withdrawn 
were set aside and remtroduced after the mam sample of 25 cc had been 
collected With the same precautions, another sample was taken 20 min- 
utes later, at which time the segment was emptied completely Thus an 
attempt was made to obtam a 20 and a 40 mmute sample on each 
instillation 

penod of about 20 mmutes was allowed for the apparatus to reach a 
„w level, whereupon a new instillation of sahne was made and the sam- 
plmg at 20 and 40 mmutes repeated This cycle of manipulations was 
repeated throughout the experimental penod Durmg the mterval when 
the mterballoon space was empty, the balloons were deflated and checked 
for leakage Usually the distal balloon was remflated to furnish a stimu- 
lus for propulsive activities 

Care was taken not to distend the balloons to the pomt at which the 
subject noted the least pam, the aun was to underdistend and lose the 
specimen, rather than to overdistend and thereby evoke a hypersecretion 
The experiments were timed from the first instillation of sahne, when the 
apparatus had just completed its passage from the stomach Hence all 
references to tune are to be mterpreted as hours after the pylorus had 
been reached 

The subject was encouraged to take the 200 to 250 cm of tube as early 
m the day as possible, thus fumishmg at all times sufficient tube to permit 
it to pass doivn the mtestme as rapidly as it would The withdrawal of 
the samples did not always proceed smoothly Consequently out of 170 
instillations, 88 were complete m the sense that both a 20 and a 40 minute 
specimen large enough for all analyses was obtamed for each The final 
position of the apparatus was always checked by x-ray 

The sahne solution was made of c p sodium chlonde and had an average 
composition, among the several lots, of 150 miUieqmvalents per hter 

All samples were analyzed immediately for pH and total COj The pH 
determmations were made at 30-32° ivith a Coleman micro chamber glass 
electrode and corrected for 38° The total CO 2 was determmed manomet- 
rically by the method of Van Slyke and Nedl (17) Total base was deter- 
mmed by a modification of the benzidme method The bicarbonate 
content and CO 2 tension were calculated as outhned by McGee and 
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Hastings (8) Chloiide determinations were made on the samples from 
the last eight mtubations by means of the Volhard titration on the alhahne 
ash No attempt has been made to estunate the total amounts of the 
various substances, smce volume recoveries were too uncertam 

Results 

In three of the eighteen mtubations the apparatus did not advance nor- 
mally, for after 6 to 9 hours it was found still at the ligament of Treitz 



1 iG 1 Changes in composition of saline instilled into the gut at various levels 
The solid lines connect points in the same instillation 


These have been termed “static samples” and the data treated ® ^ 

Fmal fluoroscopy showed that the apparatus had passed well mto e i eum 
or was at the ileocecal valve m nme mtubations, while m six ot ers i was 
located m the colon , , ,i 

Fig 1 shows the data from two typical experiments urve , 
trates one of the mtubations on which chloride determiM ions were , 
and the tube progressed normally to the lower ileum, urve is yp 

of the “static samples ” r,otiiro nf 

A most conspicuous feature about these curves is t e zigzag 
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their profiles due to the more advanced chemical change m the 40 mmute 
compared to the 20 minute specimen for any given instillation Never- 
theless, m spite of these irregularities, in all but the “static samples” there 
was an obvious tendency for the total bicarbonate and pH values to in- 
crease and for the chloride values to decrease as the ileocecal valve was 
approached The over-all shape of the curves was quite regular All, m 
some degree, showed an imtial flat section, followed, about the 4th hour, 
by a steep slope to the maximum bicarbonate and minimum chlonde con- 
centrations This break may serve as a landmark for the chemical char- 
acterization and identification of a definite segment not yet recogmzed on 
other grounds 

The differences observed between any two samples on a smgle instillation 

, be the result of two factors acting m combmation (1) an absorption- 
on process which progresses with time and is more manifest m the 
older, 40 mmute sample, i e a simple time factor, and (2) a tune-distance 
factor, t e the attainment of more distal mucosal surfaces with differing 
chemical characteristics The extent to which these two factors partici- 
pate durmg the time of one instillation was approached statistically A 
comparison of the chemical data on the 20 and 40 mmute samples of 76 
complete matiUations shows that lime is one important factor, especially 
m the cases with good motor activity The mean values of the 76 pairs 
of data with respect to the various detemunations, as well as the derived 
values for bicarbonate and carbonic acid, along with their standard errors 
and critical ratios are given m Table I The pH, total COj, and the de- 
rived values for bicarbonate are all significantly higher m the 40 mmute 
samples, the total base remains constant, ivhile the chloride concentration 
IS significantly lower m the older sample 

In contrast to these findmgs are those on the “static samples” m which 
only small differences of no significance occur m all the components ex- 
amined 

The evaluation of the distance factor is more difficult because mtestmal 
distance traversed m a given time is enturely unknown Certainly it vanes 
with the individual and the general region of the mtestme mvolved and 
the rate is probably not uniform over short periods, hence there is small 
basis on which the data as a group can be ngidly exammed 

The average time mterval separatmg any 40 mmute specimen from the 
20 mmute specimen of the next instillation was 46 mmutes Assuimng a 
fairly uniform rate, the apparatus could have advanced as far as it had 
durmg the time the 40 mmute specimen was bemg carried If the distance 
factor was a sizable one m causmg the changes produced m the 40 mmute 
specimen, a similar mcrement of change should be evident m the next 
20 mmute sample Exammation of 63 such pairs of samples with respect 
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to pH showed the more distal sample to have mdeed a higher pH The 
pH of the 40 mmute samples had a mean value of 7 165 ± 0 061, viule 
that of the more distal 20 mmute sample was 7 212 ± 0 057 (probabihty 
of 6 in 100) This would seem to mdicate that the chemical characteris- 
tics of the mucosa traversed by the apparatus m 46 minutes (carrymg 
■,alme durmg the last 20) have changed to the extent that saline exposed 
for 20 minutes is altered slightly more than sahne exposed in the previous 
segment for 40 mmutes 


Table I 


Summary of Changes Occurring in 160 tnsr of NaCl during 20 Minute and 40 Minute 
Periods within Small Intestine 


76 mstillattons (15 subjects] 

20 mm samples 

40 mm samples 

Critical 

ratio 

liIeaQ 

Standard 

error 

Mean 

Standard 

error 

pH, 38° 

7 108 

±0 0531 

7 261 

±0 0555 

8 1 

Total CDs, mil 

12 09 

±1 096 

17 88 

±1 560 

8 4 

HCO), mu 

11 27 

rfcl 088 

17 02 

±1 527 

8 8 

COj, mu 

0 824 

±0 0243 

0 858 

±0 0244 

1 S 

Total base, m eg per 1 

146 88 

±0 441 

146 85 

±0 425 

0 08 

Total chloride,* m eg per 1 

134 33 

±I 289 

127 32 

±1 794 

5 6 






Critical 

12 insuliatioas (5 subjects) 


Static samples 


ratio 

pH, 38° 

6 259 

±0 099 

6 317 

±0 106 

0 90 

Total COtj mu 

3 398 

±0 535 

4 044 

±0 736 

1 41 

HCOj, mif 

2 131 

±0 614 

2 710 

±0 764 

1 06 

COj, mu 

I 305 

±0 157 

1 333 

±0 173 

0 20 

Total base, m eg per 1 

153 88 

dhO 529 

152 15 

±0 634 

0 02 

Total ohlonde,t m eg per 1 

145 15 

±1 02 

143 4 

il b9 



* Data on forty-one instillations, eight subjects 
t Data on six instillations, two subjects 


The importance of the distance factor is clearly substantiated m the 
“static samples” m which, m the absence of propulsive motdity, the tune 
factor alone was meffective m produemg any significant c anges m 
salme 

These factors do not appear to mfluence total osmotic , 

mdicated by the constancy of the total base m all samples a a ^ 
levels The carbonic acid concentration was liLeivise sta e, ou 
a small and insignificant tendency to fall as the lover , 

reached (See Fig 2 which depicts the relationships betveen i ’ 

COj tension, and pH m the same two subjects used for ig 
quently the variations m pH are due to changes m t e icar 
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This IS in agreement with our previous data on dogs and those of McGee 
and Hastmgs (8) for human jejunal juice 
It IS our belief that the chemical changes observed are conditioned by 
the presence of the sahne m only the small mtestme and that they cease 
to be manifest as soon as the colon is reached A few samples obtamed 



Iio 2 Bicarbonate COj changes in relation to pH (center scale) in saline inatilla 
tion in human intestines The figures indicate the sequence of the points The solia 
lines connect points m the same instillation 

from the colon and some ileal samples obviously contammated with colonic 
contents were distmctly less alkahne, earned less COj, and were higher in 
chloride than the defimtely ileal samples from the same subject A rather 
abrupt fall m the pH at the ileal-colon junction has been recorded by 
Graham and Emery (4) who studied the mtestmal contents of freshly 
killed dogs 
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DISCUSSION 

Our data confirm the prevailmg bebef that the small mtestme is able to 
adjust its contents to a more aJkahne reaction as the ileocecal valve is 
approached At a certam level, reached about the 4th hour, there is a 
marked accentuation of the gradient that makes this adjustment possible 
We are unable to state directly which anatomical section is concerned, but 
there is mdirect evidence from the literature that it is the ileum This 
mdnect evidence rests on the confirmed observation of Dennis and Visscher 
(3) and unpubhshed results of our own that ileal loops m dogs are far more 
efiicient m depletmg their content of chloride than jejunal loops together 
with the report of Ingelfinger and Abbott (6) that an mtubation apparatus 
very similar to ours requires about 2 hours after the pylorus is reached to 
traverse the jejunum and 3 to 6 hours to pass through the ileum In our 
cases, the marked fall m chloride, as well as the rise m total CO 2 and pH, 
had its beg innin g at the time when the apparatus might be expected to 
have first fully entered the ileum 

McGee and Hastmgs have concluded that the high carbon dioxide ten- 
sion m jejunal juice is the result of a specific secretory process If this is 
so, it would seem to parallel m a chemically equivalent manner a process 
by which chloride is absorbed or removed from the sahne From Table I, 
it may be verified that m 20 mmutes the sodium chloride solution, origmally 
150 milhequivalents per hter, had gamed 11 27 milheqmvalents per hter 
of bicarbonate and lost 12 55 milheqmvalents of chloride unattended by 
base At the end of 40 mmutes an additional 6 59 milheqmvalents per 
hter of bicarbonate appeared, while 7 01 milheqmvalents of chloride 
disappeared 

To explam the eqmvalent and reciprocal relationships of the bicarbonate 
and chloride 10 ns solely on the basis of secretion would necessitate the 
entrance, dmmg 40 mmutes, of about 11 cc of 146 mu sodium bicarbon- 
ate, which would thereby raise the bicarbonate ion concentration to about 
25 milheqmvalents per hter instead of the 17 milheqmvalents actually 
obtamed 

Although much significance cannot be attached to the volumes recov- 
ered, m 64 instillations uncomphcated by emesis or signs of obstructive 
hypersecretion, the average volume mtroduced was 54 4 ± 1 27 co and 
that recovered was 56 5 ± 2 85 cc A consistent secretion of some 11 cc 
per instillation might reasonably have been reflected m a greater difference 
than was obtamed 

The flmd circuit theory developed by Peters and Visscher (11) to explam 
the chloride depletion of isotomc sahne and more especially isotomc mix- 
tures of NaCl and NajSOi by the ileum is also madequate This theory 
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assumes that a hypotomc, non-chlonde secretion occurs at the same tune 
that chlonde is bemg actively absorbed Such a theory demands that the 
osmotic activity and total base of the content show a reduction While 
it will be found true that the total base for the “static samples” has an 
average value statistically greater than that of the others, between those 
samples in which a significant chlonde and bicarbonate exchange did occur, 
there was no change m total base The hterature substantiates our data 
m regard to the amount and constancy of the total base m human succus 
entericus (8), in dog succus entencus (1), and m human ileal dejecta (18) 
It i\ ould seem more likely that the appearance of bicarbonate is linked 
m some way with a defimte absorption rather than dilution of the chloride 
Hemn (5) has mentioned this leciprocal behavior of chlonde and bicarbon- 
ate m pure succus entencus of the dog He suggests that bicarbonate 
enters to compensate for chlonde ion removed He concludes that the 
mucosa can secrete these ions quite mdependently of their concentration 
■ the blood stream 


SUMMARY 

A study of the chenucal composition of physiological sahne mtroduced 
mto the small mtestme of eighteen normal human subjects permits the 
foUowmg generahzations 

1 In the presence of normal propulsive activity, isotonic sahne exposed 
for 40 mmutes anywhere m the small mtestme has a sigmficantly higher 
pH and bicarbonate content and lower chlonde content than when exposed 
for only 20 mmutes 

2 The magmtude of these chenucal changes is accentuated when the 
ileum IS concerned and attains maximum values m this region 

3 The mcrease m pH is the result of an mcrease m bicarbonate ion which 
appears m amounts chenucaUy eqmvalent to the chlonde which disappears 
Total base remains constant 

4 Unless normal propulsive motihty exists, no significant chemical 
changes occur dunng a period of 40 mmutes as compared to a penod of 
20 mmutes 

5 Such great xanabihty is encountered that it is impossible to define 
limited regions of the small mtestme m terms of discrete statistical ranges 
of their chemical potentiahties 

We are mdebted to Dr Paul Denson for assistance m the statistical 
analysis of our results and to Dr H C Francis and staff of the Department 
of Radiology for assistance m the x-ray axammations 
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THE EFFECT OF ATABRINE ON THE OXYGEN 
CONSUMPTION OF TISSUES 

By C I WRIGHT and JEAN C SABINE 
(From the Division of Physiology, National Institute of Health, Bethesda, Maryland) 

(Received for publication, June 8, 1944) 

Atabrme has recently attained wide use as a substitute foi quinine A 
review of the literature indicated that atabrme mterferes with the O 2 con- 
sumption of Plasmodia (1) without afifectmg the Oo consumption of the tis- 
^yes of the host (2) In view of the rather severe toxic reactions that have 
Ijeen observed m man and animals (3, 4), the effect of atabrme on tissue 0. 
consumption was reexammed and it was found that the drug does inhibit O 2 
consumption of mammahan tissues at relatively low concentrations The 
pomt of attack 13 probably on the yellow enzyme systems 

Methods 

Measurements of O 2 consumption were made with a Barcroft differential 
type of manometers fitted with side arm flasks of approximately 20 ml 
capacity The suspendmg medium was a phosphate-bufifeied (pH 7 3) 
physiological salt solution, as descnbed by Dickens and GreviUe (5) The 
manometer flasks were flushed out with O 2 after bemg placed m the water 
bath at 37 4° The tissue shces were dried at 100°, and the results calcu- 
lated as c mm of O 2 per mg per hour 

The d-ammo acid oxidase was prepared as descnbed by ICrebs (6) Sheep 
kidneys were ground, washed ivith acetone, dned, and stored m a vacuum 
desiccator 1 5 gm of the dned kidney were ground ivith sand and 20 ml 
of water, centrifuged, and the supernatant (KE) used as the enzyme prepa- 
ration In order to prepare the prosthetic group, ICE was treated ivith 
4 volumes of methanol or heated to 80° for 10 imnutes In either proce- 
dure the resulting precipitate was removed by centrifuging and the super- 
natant evaporated to dryness The residue was taken up m physiological 
salt solution The preparation obtained by the methanol treatment is 
designated KM, that obtamed by heat treatment KH 

Results 

The effect of atabnne on the O 2 consumption of tissue shces from organs 
of the rat is shown m Fig 1 The atabnne was tipped from the side arm of 
the manometnc flask after a control penod of 45 mmutes, as mdicated on the 
tune axis The mitial effect of the drug on the hver shces from a well 
nourished rat (Fig 1, A) is a marked stimulation of O 2 consumption This 
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IS followed by a fall in 0; consumption to approximately 5 per cent of the 
control rate If the rat is fasted for 24 to 48 hours immediately preceding 
the removal of the liver, the mitial nse m Oj consumption is greatly dimin- 
ished or disappears completely (Fig 1, B) Such penods of fastmg reduce 
the glycogen content of rat liver to 0 1 per cent (7) Atabnne causes a fall 
m the rate of O 2 consumption of bram (Fig 1, D) and kidney slices (C) 
The immediate effect on bram 13 to mcrease the rate slightly 



Fig 1 The inhibition of the Oi consumption of rat tissue slices by atabnne The 
molar concentration of atabnne is given for each curve 


Fig 2 shows that hver and bram sUces are able to catalyze the oxidation 
of p-phenylenediamine after bemg heavily treated ivith atabnne 
Neither lactate, pyruvate, citrate, fumarate, nor malate is able to restore 
the O 2 consumption of tissues after thorough treatment with atabnne 
However, the addition of succmate after treatment with atabnne causes a 
sharp nse m O 2 consumption (Fig 3) With hver, the excess O 2 consumed 
IS very nearly equivalent to the theoretical amount required to convert the 
succinate to fumarate 

Atabnne mhibits the oxidation of di-alanme by Krebs’ d-ammo acid 0 x 1 - 




0 100 too 300 

Mirtures 


Flo 2 The oxidation of p-phenylenediamme (0 01 m) by tissue slices after treat- 
ment with atabnne (0 001 m) Curve 1 represents the Oi consumption of tissues 
treated with atabnne and p-phenylenediamme, and Curve 2 those treated with 
p-phenylenediamine alone 



Flo 3 the oxidation of succinate (0 02 m) by tissue slices after treatment with 
atabnne (0 001 m) Curves 1 and 2, as in Fig 2 
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dase (KE) , as shown m Fig 4 The alanine was added from a side arm into 
the flask containing 0 5 ml of the enz3rine preparation, atabrme at the de- 
sired concentration, and sufficient 9 per cent pyrophosphate buffer (pH 8 2) 
to make a final volume of 3 0 ml 5 X 10“^ m atabrme defimtely retards the 



Fio 4 The inhibition of rf-amino ncid oxidase by atabrme The molar concen- 
tration of atabrme (MAT) is indicated on each curve The substrate was dl alanine 
(0 007 m) 



Fig 5 The protection of liver slices against atabrme (0 001 m) by the prosthetic 
troup of d ammo acid oxidase The amount of prosthetic group (ICM) is given for each 
curve as gm of dried kidney from which it was prepared 

enzymic activity under these conditions The inhibition can be partially 
offset by addmg the prosthetic group prepared by heat (KH) or methanol 
(KM) treatment of the enzyme preparation 
The addition of the prosthetic group of the d-ammo acid oxidase prepara- 
tion, as derived bv heat or methanol treatment, protects tissue shces agamst 






C I WRIGHT \ND J C SIBI^NE 


319 


the toxic effects of atabrme (Fig 5) In the expenment shown, 0 001 m 
atabrine and KM were tipped onto the liver slices at 25 minutes The 
amount of KM added is indicated for each curve as gm of dried kidney from 
which it was prepared Complete protection agamst atabnne is afforded 
by the prosthetic group from 0 3 to 0 6 gm of kidney under the conditions 
of the experiment 


DISCUSSION 

Martm and coworkers state (2) that atabnne, at a concentration of 3 
mg per 100 mg of tissue, has no effect on the O 2 consumption of bram or 
other organs This would repiesent a concentration of appioximately 2 X 
10“’ M, assummg a volume of 3 0 ml m their expenments We were able to 
demonstrate almost complete mhibition of bram respiration at less than 
5 X 10“* M concentration of atabnne 
The fact that tissues are able to catalyze rapidly the oxidation of p-phen- 
ylenediamme or succmate, after thorough treatment with atabnne, shows 
that the inhibition of O 2 consumption is probably not due to mterference 
ivith the cytochrome or the cytochrome oxidase of the respiratory mechan- 
ism The oxidation of succmate also shows that succinic dehydrogenase is 
not blocked by the concentrations of atabnne used 
The other known links m the respiratory chain are the pyndmo-protein 
enz 3 Tnes and the yellow enzyme, cytochrome reductase (8) Theie is no 
evidence as to the effect of atabrme on the pyndino-protem enzymes but the 
fact that it inhibits d-ammo acid oxidase mdicates that the mterference ivith 
respiration might be through the yellow enzjunes The proof of this 
possibihty would require the exammation of the effects of atabrme on a 
respiratory system comprised of isolated enzymes Smce such a program 
was precluded by commitments on other problems, the results, as presented 
here, were commumcated to Dr Haas The results of his mvestigationaie 
given in the following paper 


SUMMARY 

Atabnne inhibits the O 2 consumption of rat hver, bram, and kidney slices 
After such inhibition the tissues are unable to oxidize glucose, lactate, piTU- 
vate, malate, citrate, or fumarate, but can oxidize succmate mth a con- 
sumption of O 2 equivalent to a conversion to fumarate After treatment 
with atabrme the tissues catalyze the oxidation of p-phen} lenediamme 
Atabnne also mhibits d-ammo acid oxidase The prosthetic group of this 
enzyme prevents the fall m O 2 consumption due to atabnne The indica- 
tions are that atabnne interfeies ivith the yellow enzyme systems 
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THE EFFECT OF ATABRINE AND QUININE ON ISOLATED 
RESPIRATORY ENZYMES 

By ERWIN HAAS* 

(From Ihe George Herbert Jones Chemical Laboratory of the University of Chicago, 

Chicago) 

(Received for publication, June 8, 1944) 

Oxygen consumption and utilization of glucose appear to play an impor- 
tant r61e m cultivation and survival of malaria parasites (1-4) Anti- 
malanal drugs effectively inhibit respiration of the parasite (5, 6) and 
comparable inhibition of the respiration of mammalian tissue by atabrme 
(7) has been reported by Wright and Sabme ‘ It is conceivable that the 
inhibition of parasite respiration observed in mtro is indicative of a similar 
process takmg place m the body when the drug is therapeutically effective 
Therefore it seemed desirable to mvestigate the action of antunalarials on 
the isolated components of the respiratory enzyme system Knowledge of 
the effects of these important drugs on enzjunes of known structure may 
offer a better understandmg of the mechanisms of therapeutic activity and 
toxicity 

In Fig 1 the components of the respiratory system are arranged m the 
order m which they react with each other, with molecular oxygen, and inth 
the substrate By selectmg proper concentrations conditions can be so ad- 
justed that any reaction m this scheme becomes the rate-determmmg factor 
Specific tests were developed, by use of spectrophotometric and mano- 
metric methods, permitting precise mvestigation of the action of the drug 
on each component Detailed descriptions of the tests are given to facili- 
tate studies on the effect of theiapeutic agents on various components of 
the respiratory system Additional mformation may be gamed by con- 
sidermg mtermediate steps rather than by studying over-all reactions 

Inhibition of Cytochrome Oxidase — The enzyme was prepared according 
to the new procedure (8) Enzymatic activity and inhibition were meas- 
ured m Warburg manometers after mcubation at 25° in 0 Q5 m phosphate 
buffer of pH 7 1 Incubation of the enzyme with atabrme for 15 minutes 
or for 8 hours produced the same inhibition The effect of atabrme and 
of qumme on cytochrome oxidase is shovTi m Table I 

Under these conditions the oxygen consumption is proportional to the 

• Present address, Worcester Foundation for E\penmental Biologj, Worcester, 
Massachusetts 

^ Personal communication from Dr C I Wright, ulio also hindlj supplied a sample 
of atabrme 
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MOLECULAR OXYGEN 
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Fiq 1 Respiratory system 
lABLh I 

DeterminaUon of Cytochrome OxidoiC Acinily, Inhibition by Alabrtno and Quinine 


2 5 cc of 0 05 M phosphate buffer, pH 7 1, + I 0 mg of cj tochrome c -|- 3 0 mg 
of hydroquinone , temperature, 25°, gas phase, air 



1 

Expert 
mcnt I 




Experuneat 

V 

Experiment 

VI 

Atabrine I 

Quinine 
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cc 
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Inhibition 
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enzyme concentration Atabrme inhibits cytochrome oxidase 3 times as 
effectively as quinine However, the inhibition is too small to account 
for the effect of atabrme on the respiration of malana parasites Oxida- 
tion of p-phenylenediamme occurs despite treating the tissue ivith atahrme, 
as shoivn m the precedmg paper (7) This observation, however, does not 
rule out inhibition of cytochrome oxidase by atabrme Oxidation of 
p-phenylenediamme can take place not only through the cytochrome oxi- 
dase system but also mdependently through a cyamde-msensitive catalyst, 
presumably cytochrome b (9) 

Expenmenls with Cytochrome c — For determmation of cytochrome activ- 
ity a method similar to that of Keihn and Hartree (10) and Stotz, Harrer, 
Schultze, and Kmg (11) was used In this test cytochrome c is reduced 
hy ascorbic acid and subsequently reoxidized m the presence of molecular 

Table II 

Test for Cytochrome c Activity 

2 0 cc of 0 06 M phosphate buffer, pH 7 1,-1-2 0 mg of ascorbic acid, temperature, 
25°, gas phase, air 



Exp«nment 

Ezperimeat 

II 

Ezpenmeot 

III 

Experiment 

IV 

Atabnne concentration, ir 

■■ 



0 001 

Cytochrome c, mg 


2 0 

2 0 

2 0 

“ oxidase, cc 

mm 

0 50 

0 25 

0 50 


Oxygen uptake in 30 min 



e mm 

c mm 

c mm 

c mm 


20 5 

41 

40 

40 


oxygen and cytochrome oxidase The rate of oxygen consumption is 
proportional to the concentration of cytochrome c and is mdependent of 
the oxidase concentration The latter condition is important because ata- 
brme ivill react with the oxidase Cytochrome was mcubated with and 
without atabrme in 0 05 si phosphate buffer of pH 7 1 but no inhibition 
took place even aftei 8 hours at 25° Experimental details are given m 
Table II 

Inhibition of Cytochrome Reductase by Atabnne — Observations of Wnght 
and Sabme on the oxygen consumption of tissue shces and on a crude 
preparation of d-ammo acid oxidase mdicated that atabrme mterferes ii ith 
yellow enzyme systems In order to correlate observations tn mo and 
in. intro and m order to obtam a better understandmg of the atabrme action, 
a more detaded study of reactions of cytochrome reductase inth anti- 
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malarials was undertaken Cytochrome reductase consists of a dissociatmg 
complex made up of a specific protein and a prosthetic group, alloxazme 
mononucleotide (vitamm Bj phosphate) (12) Our experiments mdicate 
that atabrme reacts irreversibly wth the free protem of the enz 3 Tne The 
antunalarial agent competes ivith the prosthetic group for the protem, 
formmg an inactive drug-protem complex which accounts for the blockmg 
of the pathway of respiration This conclusion is supported by experi- 
ments m which the temperature and the concentrations of atabrme and 
of vitamm Ba phosphate have been varied The inhibition by atabrme 
depends considerably on the temperature As expected, greater inhibition 
occurs at elevated temperatures because the enzyme complex dissociates 
to a greater extent, thereby mcreasmg the concentration of the free pro- 
tem Furthermore, the inhibition depends on the concentrations of both 
atabrme and vitamm Bo phosphate, because the relative proportion of 
' -osthetic group to drug determmes whether the enzymatically active 
^ “ 1 protem complex or the mactive drug-protem complex predommates 

v^ymatic activity and inhibition are determmed by measurmg the 
cl of reduction of cytochrome c m the specific cytochrome reductase 
test previously described (12) The rate of reaction is proportional to the 
concentration of eytochrome reductase, but it is mdependent of the con- 
centration of the other components The test substances, prepared as 
r aly described (12), had been stored for 3 years at 0° A solution 
' cytochrome reductase (1 X 10~^ m) was mcubated for 15 mmutes (0 02 m 
^ buffer, pH 8 3, 25°) vath vanous concentrations of atabrme 

(4 X 10~® to 1 X 10“’ m) Incubation was carried out mth an enzyme 
solution of higher concentration, as cytochrome reductase is unstable in 
dilute solutions For determmation of enzymatic activity the solution was 
diluted 100-fold with phosphate buffer contammg atabrme of the mdicated 
concentration Experimental details of the test are given m Table III 

The results of Table III mdicate that the inhibition of cytochrome reduc- 
tase depends to a considerable extent on the atabrme concentration The 
effect of temperature has been mvestigated under similar conditions 
(Fig 2) 

The inhibition of cytochrome reductase at 25° is 11 tunes higher than 
that at 0° The mstabihty of the isolated enzyme does not permit experi- 
mentation at an elevated temperature, but extrapolation to 38° mdicates 
that about 50 per cent inhibition might be expected by 3 X 10“’ M atabrme 
at body temperature 

Antagonism lelween Atabnne and Alloxazine Mononucleotide — The com- 
oetition between atabrme and the prosthetic gioup for the enzyme protem 
may be demonstrated m two ways Inhibition occurs upon addition of 
mcreasmg amounts of the drug to a constant amount of prosthetic group 
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(Table III) On the other hand inhibition can be prevented by supplying 
mcreasmg amounts of prosthetic group at a constant drug concentration 
(Table IV) 


Tabli. Ill 

Test for Cytochrome Reductase Activity, Inhibition by Atabrine 
Wave-length, 550 nyi, length of absorption cell, 0 32 cm , temperature, 25°, gas 
phase, air 

1 0 cc of 0 012 M phosphate buflfer, pH 7 I, -b 0 02 mg of triphosphopyridine nu- 
cleotide -b 0 90 mg of hexose monophosphate -b 0 12 mg of Zwischenferment + 12 
mg of cytochrome c 




Expenment 

Experiment 

II 

Experiment 

III 

Experiment 

IV 

Experiment 

V 

Atabrine 
tion, u 
Cytochrome 

If 

concentra- 

reductase, 

0 5 X 10-» 

1 X io-» 

0 4 X 10-‘ 

1 X 10-* 

2 X 10-‘ 

1 X io-» 

10 X 10-* 

1 X 10-» 


Rate of reduction of cytochrome c 


A log CyFe+++ 

At ' 

0 047 

0 094 

0 081 

0 048 

0 017 

Inhibition, % 



14 

49 

82 



^ta 2 Inhibition of cytochrome reductase as a function of temperature and 
atabrine concentration (enzyme incubated for 15 minutes) 

Alloxazme mononucleotide was prepared by sphttmg cytochrome reduc- 
tase with methanol, a method mtroduced by Theorell m studies on the old 
yellow enzyme (13) Methanol is added to a dialyzed solution of cyto- 
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chrome reductase and the denatured protem is lemoved by centnfugation 
The supernatant solution is evaporated to dryness and the alloxazine mono- 
nucleotide redissolved m water Cytochrome reductase was mcubated m 
the presence of various amounts of prosthetic group (0 to 4 X 10"^ m) with 
0 001 M atabrme (15 mmutes, 25°, 0 02 m phosphate, pH 8 3) This en- 
zyme solution was dduted 100 times with an atabrme-phosphate solution 
and the activity measured as described m the test for cytochrome reductase 
The results given m Table IV demonstrate that the mhibition by atabrme 
can he prevented by small amounts of alloxazme mononucleotide The 
prosthetic group, when added m amounts comparable to those present m 
the enzyme, protects the protem, 1 molecule of prosthetic group is capable 
of neutrahzmg the action of about 500 molecules of the drug This fact 

Table IV 


Competition between Atabrme and Alloxazine Mononucleotide 



Ezpenment 

Experiment 1 

n 1 

1 

Experiment 

lU 

Experiment 

IV 

Experiment 

V 

Experiment 

VI 

Atabrme concentra- 
tion, if 

Cytochrome reduc- 
tase, if 



1 X 10-’ 

j 

1 X 10-» 

1 X io-» 

1 X ia-> 



1 X 10-* 

1 X 10-> 



■Uloxazine mononu- 
cleotide, if 



1 X lb-' 

2 X 10-» 

4 X 10-* 

4 X 10-* 


Rate of reduction of cytochrome c 


AlogCyFe+++ 

— - — , min 

At 

0 094 

0 019 

0 047 

0 072 

1 


0 006 

Inhibition, % j 

1 

1 

80 

50 

23 1 

HP 



mdicates that the enzyme protem has a much greater afiinity for the 
alloxazme mononucleotide than for atabrme Consequently, it may be 
anticipated that some of the alloxazme derivatives may be effective anti- 
malarials, acting by combmmg irreversibly tvith specific enzyme proteins 
A vitamm Bj analogue may take up the space but not the function of the 
vitamm, thus preventmg respiration and growth of the parasite The 
reaction of atabrme with cytochrome reductase is an irreversible process 
Addition of the prosthetic group does not restore enzymatic activity after 
inhibition has taken place Smce the zn vitro action of atabrme on respua- 
tory enzymes can be counteracted by vitamm Bs phosphate, the elBciency 
of the drug in vivo nught be considerably enhanced by avoidmg an excess 
of the vitamm m the diet durmg treatment of malana 
Inhibition of Cytochrome Reductase by Qinnine— Qumme was mvestigated 
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under the conditions described for atabrme and was found to be 12 times 
less effective than atabime in inhibitmg cytochrome reductase, eg ,0 0005 
and 0 001 m qumme inhibited only 14 and 30 per cent respectively 

Reaction with Glucose-6 -■phosphate Dehydrogenase — ^The enzyme which 
oxidizes glucose-6-phosphoric acid to phosphohexomc acid consists of a 
specific protem (Zwischenferment or Protem I m Fig 1) and a prosthetic 
group, triphosphopyridme nucleotide (14, 15) The effect of antimalarials 
on the prosthetic group and on the protem has been mvestigated separately 
The activity of triphosphop 3 Tidme nucleotide after mcubation with ata- 
brme m buffered solution was measured m the analytical test previously 
described (16) 

The reaction rate (Table V) m the test is proportional to triphospho- 
pyridme nucleotide and mdependent of the concentration of cytochrome 
reductase Triphosphopyridme nucleotide is not inhibited by atabrme 


Table V 

Deiermtnalion of Triphosphopijrtdine Nucleotide Activity, Incubated with Atabrine 



Ezpenmeot 

Experiment 

II 

Expenment 

III 

Expenment 

IV 

Atabrme concentration, it 
Triphosphopyridme nucleotide 
concentration, u 

Cytochrome reductase, it 

1 3 X 10-’ 

1 X 10-' 

2 6 X 10-’ 
0 5 X 10-' 

2 6 X 10-’ 

1 X io-‘ 

0 001 

2 6 X 10-’ 

1 X 10-* 

Hate of reduction of cytochrome 

C 


A log CyFe"*"*"'' 

At 

0 027 

0 055 

0 055 

0 055 


A new colorimetric test was mtroduced for studies on the protem moiety 
of the dehydrogenase because the strong absorption of ultraviolet hght by 
atabrme mterferes with ultraviolet spectroscopy Experimental details 
of the test are given m the followmg paper (17) Atabrme strongly m- 
hibits the action of this protem while qumme (0 001 ii) has no effect 
Addition of glucose-6-phosphate or triphosphopyridme nucleotide protects 
the protem to a certam extent against the mhibitory action of atabrme 
The protem was mcubated with 0 0005 m atabrme and 0 02 ii phosphate, 
pH 8 3, for 15 mmutes at 25°, ivith addition of vaiymg amounts of glucose- 
6 phosphate (0 0002 to 0 002 m) For determmation of enzymatic activity 
the solution was diluted 10 tunes with phosphate buffer contammg ata- 
brme Table VI demonstrates the inhibition by atabrme and the effect 
of glucose-6-pho3phate 

Relatively high concentrations of the substrate, glucose-6-phosphate, 
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are required to protect the Zwtschenfermenl from the mhibitmg action of 
atabrme, while the prosthetic group, alloxazme mononucleotide, is 1000 
times more effective m protectmg its protem This higher eflaciency pre- 
sumably IS due to the greater stability of the flavm-protem complex 
(i^ = 10“® m) as compared with the glucose-6-phosphate-protem complex 
which IS dissociated to a much greater extent {K = 10~’ ii) Competition 
between prosthetic group and atabrme for the enzyme protem has been 
demonstrated (Table IV) and the mechanism of atabrme action was mter- 
preted as displacement of the prosthetic group by the antunalanal agent 

Table VI 

Inhibilton of Zwtschenferment by Aiabnne, Effect of Glucose-6-phosphale 


Wave-length, 600 mii, length of absorption cell, 1 0 cm , temperature, 25° 3 0 

cc of 0 015 M phosphate buffer, pH S 3, 0 02 mg of tnphosphopyridme nucleotide, 
0 02 mg of 2,6-dichlorophenol mdophenol, 3 0 mg of Zwischenfermenl 



Eipenmcnt 

Expenmeat 

la 

Expcrunect 

U 

Experiment 

Ua 

Experiment 

III 

Experiment 

Ilia 
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concen- 

tration, 

il 
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6-phos- 
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concen- 
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0 2 X 10-' 

5 X 10-' 

0 2 X 10-' 

! 

1 X 10-^ 

5 X 10-< 

1 X 10-' 

2 X 10-* 

5 X 10-' 

2 X 10-' 


Velocity of reaction (decolonzation of 2,6-dichlorophenol mdophenol) , 
galvanometer deflection per 5 mm 



mm 

mm 

mm 

mm 

mm 

mm 


66 

15 

112 

64 

111 

85 



per cent 


per cent 


percrni 

Inhibition 


77 


43 


23 


A second mechanism of atabrme action, namely displacement of the sub- 
strate by the drug, is suggested by the results of Table VI, which showthat 
substrate and drug also compete for the enzyme protem Antagonism 
between “essential metabolites" and drugs was suggested on the basis of 
experiments with livmg cells (18-20) This is demonstrated more clearly 
on isolated enzymes of knoivn structure 
A summary of the effects of atabrme on respiratory enzymes is given m 
Table VII, together ivith results previously obtamed on the respiration of 
malaria parasites (5) and on the respnation of mammalian tissues (7) 
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\mong the known components of the respiratorj system onlj cytochrome 
reductase and Zwischenfermenl need to be considered as possible pomts of 
interference by atabrme This is brought out by the results m Table VII 
The mhibitory effect of qumme on isolated enzymes is summarized m 
Table VIII and compared w ith that produced by equal concentrations o 

atabrme 

Qumme is much less effecti\e than atabrme in inhibitmg pmasite respi- 
ration (5) and isolated respiratory enzymes Therefore, the action of 
qumme ns an antimalarial agent probably does not take place through 
interference with respiratoiy processes Inhibition of the kno^ respira- 
tor}' catalysts would require a qumme concentration considerably m excess 
of the amounts normally used therapeutically 

Tkble VII 

Effect of Atabrme on Isolated Respiratory En.ymes, on Parasite Respiration, and on 

Tissue Respiration 


Erujines 


Cytochrome oxidase 
“ c 

“ reductase 

Triphosphopyridme nucleotide 
Zwischenferment (Protein I) 

Respiration of nialaria parasites 
“ mammalian tissue 


Temperature 


C 

25 

25 

25 

(38) 


38 

38 


Atubnnc 

coucentratioa 


inhibiticu 


10 X icr‘ 

10 X icr* 

2 X 10"* 

(0 3) X icr' 
10 X 10-* 
5X ia-‘ 

1 X io-‘ 

5 X 10-* 


fer cm 
60 
0 
49 
(50) 
0 
77 

61 

61 


The values in parentheses were obtained by extrapolation, while all other v 
m the table are expenmental figures 

Very httle is kuotvn about the respiratory mechanism f 
sites, although the follow-mg mdirect evidence see^ o 
conforms vath. the general scheme of biological o-u a i (21) 

modia utUize glucose and their respiration is War- 

suggestmg participation of a hea^ - of 

burg’s ‘itmungsferment Finally, the respiratio P 
mammalian tissues can be inhibited by atabrme catalx sts 

^ attempt was made to obtam some of the known 
from isolated parasites m order to elucidate t gf Tennessee, 

We greatly obbgrf to Dr WrltoB Waade ' Drua'^ of 
for a generous gift of Plasmodium and dried ituacuo 

erythrocytes of heavily mfected Macaco mulatla m y 
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at room temperature after extensive washmg The parasites were very 
stable and could not be disrupted by autolysis for a week at room tempera- 
ture, by bacteriolytic action of lysozyme, by ultrasomc waves, by grmding 
with powdered glass, or even by heatmg to 90° All these procedures as 
well as variation of pH, salt concentration, and time of autolysis failed to 
release cytochrome reductase or tnphosphopyridme nucleotide, although 
very small amounts could have been detected wth the anal 3 dical methods 
described No di s in tegration of the parasites took place, as evidenced by 
microscopic mvestigation and by the observation that practically no pro- 
tem was released durmg all these mampulations Dismtegration might 
occur m simdar experiments ivith fresh parasites, which unfortunately 
were not at our disposal 


Table VIII 


Companson of Inhibition by Aiabrine and by Quinine, Drug Concentration, S X 10~*u 


Enzyme 

Temperature 

InhibiUon by 

Relative 

effectiveneza* 

Atabrme 

Quinine 

Atabrme 

Qumme 


mBm 

per cent 

per cent 


Cytochrome oxidase 


40 

17 

3 

“ reductase 


73 

14 

12 

Zwischenferment (Protein I) 

26 

78 

0 

CO 

nation of Plasmodium 





knowlesi 

38 

80 

1 

26 

20 


* At low concentrations of the drug at which inhibition is proportional to the 
drug concentration 


SDMMABY 

1 A description of enzymatic tests is given which will facihtate the 
study of the effects of therapeutic agents on the components of the respua- 
tory enzyme system 

2 The activity of cytochrome reductase and glucose-6-phosphate de- 
hydrogenase is inhibited by low concentrations of atabrme Cytochrome 
oxidase is less affected, while triphosphopyndme nucleotide and cytochrome 
c are not inhibited at all 

3 Inhibition of cytochrome reductase is caused by an irreversible reac- 
tion of atabrme with the free protem, whereby the drug competes with 
the prosthetic group of the enzyme Antagonism between prosthetic group 
and antimalanal agent has been demonstrated m preventmg drug action 
by addition of alloxazme mononucleotide 

4 The enzyme nrotein has a much greater affimty for the prosthetic 
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group thaa for atabrme, since 1 7 of vitamin Bi phosphate ivill nentrahze 
the action of about 500 7 of atabrme 

5 Atabrme inhibits glucose-G-phosphate dehydrogenase by reactmg ivith 
the protem moiety of this enzyme Addition of glucose- 6 -phosphate par- 
tially prevents and even reverses the mhibition by atabrme, which is 
evidence for a competition between substrate and drug 

6 Qumme is much less effective than atabrme as an inhibitor of respira- 
tory catalysts This suggests that the antimalarial action of qumme 
probably is not due to mterference with the respiratory processes of the 
parasite 

We are particularly mdebted to the Rockefeller Foundation for the 
financial support which has made this work possible and to Elisabeth Haas 
for her techmcal assistance 
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A COLORIMETRIC DETERMINATION FOR STUDIES INVOLV- 
ING COENZYMES 

NICRODETBRMINATION OF GLUCOSE-6-PHOSPHATE 


By ERWIN HAAS* 

(From the George Herbert Jones Chemical Laboratory of the University of Chicago, 

Chicago) 


(Rccevved for ptibhcation, June 8, 1944) 

Ultraviolet spectroscopy, which has been used so extensively in studies on 
the pyndine nucleotides (1-3), cannot be employed under aU conditions 
For example, certam antimaJanal drugs, reported m the precedmg 
are colored substances which strongly absorb ultraviolet hght This iffi- 
culty was overcome by mtroducing a color reaction based upon the reduc- 
tion of 2,6-dichlorophenol mdophenol by dihydrocoenzymea This new 
method makes feasible the mvestigation of coenzymes, dehydrogenases, and 
substrates m the visible region of the spectrum and offers certam advantages 
over the ultraviolet test (1) Smaller amounts of the pyndme nucleotides 
are sufficient m this assay because of the catalytic function of the wenzyme, 
whereas stoichiometric amounts were previously reijuired (2) e seMi 
tmty of the optical detenmnation is mcreased because the hght absorption 
of the dye is higher than that of the coenzyme (3) A simple colormeter 
ivith a red hght filter can now be used instead of a spectrophotometer re- 
quired for the ultraviolet region, smce the dye has a broad absorption band 

between 560 and 640 mp „ 

In this paper conditions for the quantitative determmation o g ucose 
phosphate and Zvnschenferment are described The dye is rea y re uce 
and decolonzed m the following system glucose-6-phosphate-Zimsche^er- 

inent-tnphosphopyridme nucleotide-2,6-dichlorophenol m op eno 

colorimetric method should also be useful m the study of reac ions mv 
mg diphosphopyndme nucleotide 


Determination of Zvnschenferment 
In the experiments leported m Table I conditions are so arranged 
rate of decolonzation of the dye is proportional to t e concen ^ 
Zvnschenferment All components except Zwischenfermm were 
the cell and a few minutes allowed for temperature equi num 
Zwischenferment was added and decolonzation of the 
metncally The galvanometer deflection after addition o ^vns 


* Present address, Worcester Foundation for Experimental Biology, Worceste , 

Massachusetts 
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DETERMINATION OF GLUCOSE-6-PHOSPHATE 


IS directly proportional to the enzyme concentration for any tune mterval 
up to 7 mmutes No further calculation is required for the detemunation 
of enzjnne concentration because of this duect proportionahty Autoxida- 
tion of the dye is negligible, hence no precautions against the presence of au 

Table I 

Analytical Method Jot Zvnschenfenncnt 

Wave-length, 600 m/i, temperature, 25“, length of absorption cell, 1 0 era 3 0 cc 
of 0 015 Ji phosphate buffer, pH 8 3, 1 0 mg of glucose-6-phosphate, 0 02 mg of tn- 
phosphopyridme nucleotide, 0 02 mg of 2,6-dichlorophenol indophenol, 3 0 mg 
of Zwischenferment 


1 

Time 

Galvanometer reading 

Velocity (^Ivanometer dedeclion 
per 5 mm ) 

fflin 

mm 

mm 

0 

172 


5 

312 

312 - 172 = 140 

10 

400 


IS 

415 





Fia 1 Fig 2 

Fig 1 Decolorization of 2, 6-dichlorophenol indophenol as a function of Zm- 
schenferment Velocity as the galvanometer deflection in mm per 5 minutes 

Fig 2 Decolorization of 2, 6-dichlorophenoI indophenol as a function of glucose-6- 
phosphate Velocity as the galvanometer deflection in mm per 5 minutes 


need to be taken Glucose-6-phosphate, tnphosphop}mduie nucleotide, 
and Zvnschenferment were prepared as previously described (4), 2,6-di- 
chlorophenol mdophenol was a commercial product supphed by the La- 
Motte Chenucal Products Company The velocity of decolorization 










E HAAS 


335 


(galvanometer deflection for the first 5 mmutes) as function of the Zmschen- 
fermcnl concentration is shown in Fig 1 

Analytical Method for Glucose-6-phospliate 

The method as described in Table I may be used also for the miciodeter- 
mmation of glucose-6-phosphate The velocity of reduction of 2 , 6-dichIor- 
ophenol mdophenol as a function of glucose 6 phosphate is plotted m Fig 2 

SUMMARY 

1 A spectrophotometnc method is descnbed which permits the mvestiga- 
tion of reactions mvolving pyndme nucleotides (coenzymes I and II) 

2 Advantages of the new method over the ultraviolet test are pomted 
■'Ut 

3 Apphcations of the method are presented mcludmg a microdetermma- 
tion of glucose-6-phosphate which requires only about 10 y of substance 

The author wishes to acknowledge his mdebtedness to the Rockefeller 
Foundation for the support of the project in which this work dev eloped 
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A DIETARY FACTOR ESSENTIAL FOR GUINEA PIGS 

III CHANGES IN THE DISTRIBUTION OF ACID SOLUBLE PHOSPHORUS 
IN THE LIVER AND KIDNEYS DURING DEFICIENCY* 

By WILLEM J van WAGTENDONK 
(From the Dcparlmenl of Chemistry, Oregon State College, Corvallis) 

(Received for publication, April 24, 1944) 

Previous investigations (1, 2) had revealed that guinea pigs raised on a 
diet lacking in the antistiffness factor (3) developed a typical deficiency 
disease The first outward sign of the deficiency was the development of 
a stiffness at the wrist joint As the disease progressed this symptom 
increased m seventy Upon autopsy of animals which had been on the 
deficient diet for a year or longer, large deposits of Ca, mainly m the form 
of calcium tnphosphate, weie found m connection with almost any body 
tissue, conspicuous locations being muscle, subcutaneous tissue, aorta, 
liver, and kidneys This abnormal deposition of calcium phosphate sug- 
gested a derangement of the phosphorus metabolism For this reason an 
investigation was made of the distnbution of the acid-soluble phosphorus 
in the liver and kidneys of normal and deficient guinea pigs The foUowmg 
fractions were detenmned (1) total P, (2) inorganic P , (3) easily hydrolyz- 
able P (15 minutes hydrolysis with N sulfunc acid m a boihng water bath) 
accountmg for 67 per cent of the adenosme tnphosphate plus 50 per cent 
of the adenosme diphosphate, (4) alcohol-msoluble P, compounds yieldmg 
Ba salts insoluble m 80 per cent alcohol (mostly glycerophosphate and glu- 
cose phosphate) , (5) mercunc-msoluble P, contaimng all the stable nucleo- 
tide P, (6) alcohol-soluble P, representmg compounds yielding Hg and Ba 
salts soluble m 80 per cent alcohol 

EXPERIMENTAL 

Gmnea pigs 11 to 12 weeks of age and weighing from 300 to 350 gm 
were segregated as to sex and housed m clean cages on autoclaved straw 
The animals were fed ad libitum a diet of the followmg composition 
skim milk powder 16 gm , copper sulfate 0 25 mg , feme chlonde 0 2 
mg , and water 84 gm The average daily food intake was 280 gm , 

* A report of parts of this study was presented before the Division of Biological 
Chemistry at the 107th meeting of the American Chemical Society at Cleveian , 

April 3-7, 1944 

Supported by grants from the Wilbams Waterman Fund of the I^earch Corpora 
tion and from the General Research Council of the Oregon State System of ttig 
Education 


337 



338 


DISTRIBUTION OF ACID-SOLUBL 


approximately evenly divided over the mormng and night feeding Food 
was prepared twice a day To the mormng diet was added a solution of 
the water-soluble vitamins m such a concentiation that the average daily 
vitamin intake was as follows thiamme hydrochlonde 0 2 mg , nboflavm 
0 5 mg , pyndoxine hydrochlonde 0 1 mg , nicotinic acid 1 mg , Ca panto- 
thenate 0 1 mg , inositol 10 mg , p-aminobenzoic acid 2 mg , cholme 50 
mg , and biotin (S M A Concentrate S-200) 0 01 mg A solution of the 
fat-soluble vitamias in cottonseed oil was added to the evemng food The 
average daily intake of these vitamins was j3-carotene 150 i u , viosterol 
40 r u , a-tocopherol 0 1 mg , 2-methyI-l ,4-naphthoqumone 0 1 mg Once 
a week 50 mg of crystalline f-ascorbic acid, dissolved m water immediately 
before use, were administered by mouth This amount is well above the 
minimum weekly dose recommended by Zilva (4) Water and iodized 
salt were provided ad libitum The control animals received a stock diet 
composed of rolled barley, greens, water, and iodized salt ad libitum The 
body weights of the gumea pigs were recorded twice a week throughout 
the course of the expermients The animals on the deficient diet gamed 
as regularly m weight as the stock animals and showed no signs of any 
deficiency diseases, except a constantly increasing stiffness at the wnst 
joint 

Animals were sacrificed at vaiious intervals and the distribution of the 
acid-solublc phosphorus in the liver and kidneys was determined according 
to the method of Rapoport et al (5) Wherever possible groups of fifteen 
gumea pigs were used for analysis 

The data were analyzed statistically according to the methods of Fisher 

( 6 ) 


Results 

In Table I are lepresented the mean concentrations of the total acid- 
soluble phosphorus and of its fractions m the livers of guinea pigs receivmg 
(a) the stock diet, (6) the deficient skim milk diet, and (c) the deficient 
skim milk diet supplemented with the antistiffness factor ^ , The most 
sigmficant change took place m the easily hydrolyzable phosphorus This 
fraction showed a decrease of close to 50 per cent after the ammalshad 
received the deficient diet for 1 week The lower Imiit of this fraction ap- 
peared to be 3 4 mg per 100 gm of liver and was reached aftei a year 
The total acid-soluble P fluctuated durmg the first weeks of deficiency 
These fluctuations can be accounted for by the changes occurrmg m the 
other fractions Dui-mg the latei stages of the deficiency the total acid- 

1 This factor was administered as a solution in cottonseed oil of the crystalline 
matenal (100,000,000 units per gm ) The preparation of this material will be de- 
scribed in a later publication 
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soluble P showed a significant increase which was caused by the increase 
in the inorganic P, mercuric-insoluble P, and alcohol-soluble P The 
alcohol-insoluble P fluctuated slightly and seemed to be lower than normal 
m the latei stage of the deficiency 

The last two horizontal rows of Table I represent the values of the 
different phosphorus fractions in the hvers of guinea pigs receiving the 

lABLt I 

Distribution of Acid-Solublc Phosphorus tn Liver of Normal and Deficient 
Guinea Pigs 


Mean and s E mg per 100 gm 


1 

'ge 1 

1 

Diet 

1 

Tune 

on 

diet 

1 

No of 
deter 
mma 
ttoas 

1 


Total 

aetd 

soluble 

P 

Inor 

game 

P 

Easily 

hydro- 

lyzable 

P 

Alcohol 

in&oiuble 

P 

Mercunc 

insoluble 

P 

Alcohol 

soluble 

P 

Sum of 
fractions 

is 


toks 
















u 


14 

15 

111 

9 

15 

4 

14 

2 

24 

9 

46 

6 

12 

8 

113 

9 





±2 

0 

iO 

7 

±0 

9 

±0 

5 

±0 

7 

±0 

7 

±2 

2 

65 


65 

9 

105 

5 

18 

9 

10 

6 

17 

9 

-15 

5 

10 

6 

109 

5 






0 1 

Ha 

8 ! 

±2 


±0 

8 

±0 

7 


0 

±2 

2 

14 


1 

IS 

103 

8 

27 

4 1 

7 

9 

20 

5 

40 

4 

9 

7 

106 

5 


1 



±0 

8 

±0 

9 

±0 

1 

±0 

8 

±0 

5 

±0 

5 

±0 

6 

15 

“ i 

2 

15 

122 

0 

26 

6 

5 

4 

25 

9 

44 

4 

16 

4 

118 

8 





4=2 

7 

±1 

8 

±0 

7 

±0 

9 

±1 

5 

±0 

7 

=1:2 

8 

16 

tt 

3 

11 

1 ^ 

El 

25 

8 

6 

1 

23 

9 

52 

1 

20 

9 

123 

4 





±2 

8 

is] 

7 

±0 

6 

±0 

9 

±2 

4 

±0 

4 

±0 

4 

20 

n 

7 

8 

' 118 

9 

24 

6 

4 

9 

19 

3 

55 

1 

15 

4 

119 

4 





±4 

0 

!±i 

2 

±0 

6 

d=l 

9 

±2 

0 

±0 

9 

: =1:3 

7 

41 

ft 

28 

11 

131 

6 

30 

7 

4 

0 

20 

5 

56 

4 

18 

0 

129 

6 





±1 

9 

±1 

5 

±0 

2 

±0 

5 

±0 

7 

±0 

5 

±1 

9 

70 

II 

57 

16 

165 

6 

36 

6 

3 

4 

19 

3 

79 

5 

26 

3 

165 

1 





±1 

5 

m 

9 

±0 

3 

±0 

4 

±0 

6 

±0 

4 

±1 

4 

17 

1 “ + 

4 

14 

110 

5 

21 

7 

12 

7 

22 

3 

42 

8 

10 

4 

109 

9 


1 a a f * 



±1 

2 

m 

9 

±0 

9 

±0 

6 


2 

±0 

6 

±1 

3 

23 

<< If 

10 

14 

112 

6 

24 

8 

14 

2 

19 

1 

43 

3 

10 

9 

111 

3 





±2 

4 

±1 

0 

±0 

9 

±1 

1 

±0 

6 

±1 

1 

±2 

7 


* 1000 units of the nntistiffness factor every other day during the whole course of 
the experiment 


skim milk diet supplemented with the antistiffness factoi (1000 umts every 
other day) It will be noted that the distribution is essentially normal 
The values for the distribution of acid-soluble phosphorus in the kidneys 
of the same animals are given m Table II Here the same trend as in the 
hvers is apparent The morgamc P, however, showed a greater increase 
during the deficiency In contrast with the increase in the mercunc-in- 
soluble P found in the hver, this fraction lemained constant during the 
deficiency disease 
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DISTHIBOTION OF ACIC-SOLTJBLE P 


Since it was shown that an abnormal distnbution of the acid-soluble 
phosphorus could be prevented by the continued administration of the 
antistiffness factor, it was of interest to determine whether this factor 
could restore the abnormal distribution to normal A group of fifteen 
gmnea pigs was kept on the deficient diet for 7 weeks Durmg the last 
5 days of the experiment seven animals of this group received 1000 units 


Table II 


Distribution of Acid-Soluble Phosphorus in Kidneys of Normal and Deficient 

Guinea Pigs 


Age 



No of 
deter 
miaa 

tlODS 





Mean and s £ 

ng 

per 100 gm 



Diet 

on 

diet 

ToUl 

acid 

soluble 

P 

Inor 

game 

P 

Easily 

hydro- 

lyzable 

P 

Alcohol 

m&oluble 

P 

Mercuric 

insoluble 

P 

Alcohol 

soluble 

P 

Sum of 
fractions 

ivks 


uiks 















u 

stock 

14 

15 

95 

2 

15 

1 

14 

0 

15 

6 

45 

2 

12 

6 

102 5 





±0 

2 

±0 

1 

rfcO 

3 

±0 

1 

±0 

6 

±0 

9 

±1 7 

65 

{< 

65 

9 

100 

4 

26 

1 

10 

6 

17 

9 

27 

9 

11 

2 

93 7 





±2 

0 

±1 

2 

±0 

5 

±0 

9 

rfcl 

0 

±0 

2 

±0 9 

14 

Deficient 

1 

15 

95 

8 

26 

6 

7 

8 

8 

S 

41 

8 

15 

1 

100 1 





±1 

0 

±0 

1 

±0 

1 

±0 

1 

±0 

1 

±0 

1 

±0 9 

15 

H 

2 

15 

107 

8 

27 

9 

3 

1 

15 

9 

41 

4 

16 

5 

104 8 





±0 

9 

±0 

1 

±0 

1 

±0 

1 

±1 

1 

±0 

1 

±1 9 

16 

il 

3 

11 

117 

3 

30 

2 

3 

6 

24 

4 

40 

2 

16 

3 

114 7 





±0 

1 

±0 

1 

±0 

1 

±0 

1 

±0 

1 

±0 

1 

±1 3 

20 

(t 


8 

112 

6 

32 

6 

3 

3 

20 

1 

40 

6 

16 

1 

112 7 





±2 

9 

±1 

0 

±0 

1 

±0 

7 

±0 

3 

±0 

9 

±1 9 

41 

it 

28 

11 

129 

3 

50 

0 

3 

6 

16 

8 

44 

7 

11 

3 

126 4 





±3 

5 

±2 

5 

±0 

3 

±0 

2 

±1 

0 

±0 

2 

±3 0 

70 

tl 

57 

16 

153 

2 

65 

3 

2 

3 

17 

6 

43 

4 

19 

2 

147 8 





±2 

2 

±2 

0 

*0 

2 

±0 

2 

±0 

9 

±0 

4 

±2 9 

17 

“ -P 

4 

14 

112 

0 

27 

1 

11 

9 

16 

6 

43 

4 

14 

2 

113 2 


A B f * 



±0 

7 

±0 

6 

±0 

4 

±0 

6 

±0 

9 

±0 

4 

±0 4 

23 

tt it 

10 

14 

103 

9 

26 

2 

10 

8 

15 

7 

39 

9 

11 

1 

104 2 





±0 

8 

±0 

7 

±0 

1 

±0 

1 

±0 

1 

±0 

1 

±1 5 


* 1000 units of the antistiffness factor every other day during the whole course of 
the experiment 


of the antistiffness factor per day At the end of the 5 days all the animals 
were sacnficed and the distnbution of acid-soIuble phosphorus m the hver 
and kidneys determmed The results of this experiment are represented 
m Table III 

From these it is clear that administration of the antistiffness factor to 
animals with a low easily hydrolyzable P results m a steep increase m this 
level, which is comparable to the equally sharp decrease durmg the onset 
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of the deficiency This fraction returned to normal after the administration 
of 1000 units per day foi the last 5 days of the expeiiment The mercunc- 
insoluble P also returned to the normal level 

Table III 


Effect of “Cure" with Antistiffneas Factor on Distribution of Acid-Soluble Phosphorus 
in Liver and Kidneys of SO IKcel Old Deficient Guinea Pigs on Diet for 7 Weeks 



Diet 

No or 
determi 
nations 

Mean and s E mg per 100 gm 

ToUl 

acid 

soluble 

P 

Inor 

game 

P 

Easily 

hydro- 

lyzable 

P 

Alcohol 

insoluble 

P 

Mercunc 

insoluble 

P 

Alcohol 

soluble 

P 

Sum of 
fractions 

Liver 

Deficient 

s 

118 9 

24 6 

4 9 

19 3 

56 1 

15 4 

119 4 




±4 0 

±1 2 

±0 6 

±1 9 

±2 0 

±0 9 

±3 7 


“ 4- 

7 

110 6 

22 6 

13 2 

15 9 

44 7 

15 8 

112 2 


a a f • 


±3 4 

±1 3 

±0 8 

±0 7 

±0 9 

±0 9 

±1 9 

ilidneys 

Deficient 

8 

112 6 

32 6 

3 3 

20 1 

40 6 

16 1 

112 7 




±2 9 


±0 1 

±0 7 

±0 3 

±0 9 

±1 9 


“ + 

7 

108 1 


9 3 

18 5 

39 7 

16 3 

107 8 


a a f • 


±2 9 


±0 5 

±1 8 

±0 1 

±0 9 

±0 6 


* 1000 units of the antistiffness factor for the last 5 days 


Table IV 


Comparison between Distribution of Acid-Soluble Phosphorus in Liver and Kidneys of 
65 Week-Old Guinea Pigs on Slock Diet and Raw Milk Diet 




Time 

on 

diet 

No of 
determi 
nations 


Mean and s e mg per 100 gm 



Diet 

ToUl 

acid 

soluble 

P 

Inor 

game 

P 

Easily 

hydro- 

lyzable 

P 

Alcohol 

insolu 

bJeP 

Mercu 
nc in 
soluble 
P 

Alcohol 

soluble 

P 

Sum 
of frac 
tions 

Liver 

Stock 

vks 

65 

9 

H 

18 9 

16 6 

17 9 

45 5 


m 



52 

6 


±0 8 
22 6 

±2 0 
11 3 

±0 8 
18 3 

iin 

BkViV 

ig 

Kidneys 

Stock 

65 

9 

1m 

±1 2 
26 1 

±0 6 
10 6 

±0 7 
17 9 

±0 8 
27 9 


In 


Raw milk 

62 

6 

1m 

±1 2 
79 3 

±0 5 

2 4 

±0 9 
19 1 

^^9 

±0 2 
11 5 

|n 





±1 1 

±1 2 

±0 5 

±0 9 


±0 5 

±1 1 


It was noted previously by Wulzen that gmnea pigs very rarely developed 
wrist stiffness when raised on raw milk It was therefore of considerable 
interest to compare the distribution of the acid-soluble phosphorus in the 
hvers and kidneys of raw milk-fed animnlH with that m the same organs 
of the old “stock” nmmnla A small number of the animals on raw milk 
were available for the detemunation The results are shown m Table IV 
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DISTRIBUTION OF ACID-SOLUBLE P 


The distnbution of the acid-soluble P m the hver of these animHlH 13 com- 
parable to that in the hvers of the stock animals A somewhat higher m- 
orgamc P content may be accounted for by the high P content of the skim 
milk diet There is, however, a large difference m the distnbution of the 
acid-soluble P m the kidneys Here the total P and the morgamc P were 
very high, while the easily hydrolyzable P has decreased to the low level 
of 2 4 mg per 100 gm 


DISCUSSION 

The interpretation of the changes m the distnbution of the acid-soluble 
phosphorus m the liver and kidneys dunng the course of the deficiency is as 
yet difficult T he results indicate a derangement m the phosphorus metab- 
olism The changes in the total P during the onset of the deficiency can 
be explamed in the mam by the opposmg trends of the morgamc P on the 
one hand and of the last four fractions on the other The morgamc P 
showed a constant increase dunng the deficiency The most significant 
changes, however, occurred m the easily hydrolyzable P and the mercunc- 
insoluble P These two fractions seem to be closely connected The 
easily hydrolyzable P fraction represents about 67 per cent of the adenosme 
tnphosphate plus 50 per cent of the adenosme diphosphate, while the mer- 
cunc-msoluble P fraction accounts for all the stable nucleotide P It is 
the first fraction which responded almost immediately to the lack of the 
antistiffness factor in the diet and which was the first one to return to nor- 
mal af ter this factor was administered Rapoport (personal communication) 
bns found that the changes m the easily hydrolyzable P dunng fastmg m- 
"d reflect a changmg mixture of nucleotides, adenyhc acid mcreasmg 
the expense of adenosme tnphosphate It is, therefore, possible that the 
changes in the adenosme tnphosphate and the adenosme diphosphate are of 
prommence dunng the deficiency, perhaps mvolvmg the whole metabolism 
of the punnes 

Dunng this mvestigation it became apparent that the first noticeable 
outward symptom of the deficiency of the antistiffness factor, stiffness at 
the wnst joint, is not an essential feature m the early stages of the de- 
ficiency Several ammals did not show any WTist stiffness at all dunng 
the tune hmit of the experiment The distnbution of the acid-soluble 
phosphorus m these gumea pigs, however, was no different from that m 
“stiff” animals of the same experimental senes 

SUMMARY 

The distnbution of the acid-soluble phosphorus m the hver and kidneys 
gumea pigs on a stock diet and on a diet mainly composed of skim 
powder, supplemented ivith the knowm vitamins, has been determmed 
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The concentration of the easily hydrolyzable P in both organs was found 
to be very markedly decreased during the deficiency The morgamc P 
showed a sharp increase m the liver and kidneys The increase of the 
mercunc-insoluble P in the hver seemed to be correlated with the decrease 
m the easily hydrolyzable P The total acid-soluble P also was increased 
dunng the deficiency The distribution of the acid-soluble P m the 
kidneys dunng the deficiency showed the same trends except that there 
was no appreciable increase in the mercuric-insoluble P The antistiffness 
factor will prevent an abnormal distribution of the acid-soluble P or restoie 
it to normal after it has developed 4. possible mteipretation of the cause 
of the abnormal distribution of the acid-soluble P has been presented 

The author wishes to express his sincere appreciation to Dr Rosahnd 
Wulzen who made this investigation possible Thanks are also due to 
Anna May Freed, Leonard P Zill, Chnton Ballou, and Phil Leveque for 
their fine cooperation 
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A PRODUCT OF OXIDATIVE METABOLISM OF PYRIDOXINE, 
2-METHYL-3-HYDROXY-4-CARBOXY-5-HYDROXY- 
METHYLPYRIDINE (4-PYRIDOXIC ACID)* 

I ISOLATION FEOM URINE, STRUCTURE, AND SYNTHESIS 

By JESSE W HUFFf WILLIAM A PERLZWBIG 

(From the Department of Biochemtstry, Duke University School of Medicine, Durham, 

North Carolina) 

(Received for publication, June 26, 1944) 

In 1941 Singal and Sydenstncker (1) published bnefly the following 
observation If human urme, collected after the ingestion of pyndoxine, 
was filtered through a zeolite column, a substance was adsorbed which 
could be eluted from the coluirm with neutral 25 per cent KCl solution and 
transferred to an isobutanol extract, when lUummed by ultraviolet light, 
the latter exhibited a characteristic fluorescence This observation was 
recently confirmed m these laboratones (2), and some evidence was pre- 
sented that the substance m the urme responsible for this fluorescence is 
identical with an oxidation product of pyndoxme obtamed by the action 
of permanganate on synthetic vitamm Be On the basis of certam analytic 
data, it was stated that the structure of this product is 2-methyl-3-hydroxy- 
4'Carboxy-5-hydroxymethylpyndme (I) which can be transformed by 
heatmg with acid mto the lactone form (II) 

In this communication there are presented the experimental details of 
the isolation of the urmary metabohte, the synthesis of the oxidation 
product of pyridoxme, and proof of its structure Smce the development 
of this work depended upon the use of a simple fluorometnc techmque 
for the identification and the quantitative estimation of the metabohte 
and of its derivative, a description of this techmque is given first In the 
description of the method the two fluorescent compounds are designated 
as the metabohte (I) and its lactone (II), although the proof of their struc- 
ture and identification are given m a later portion of the paper 

EXPERIMENTAL 

Fluorometnc Determination of Metabolite (/) and Lactone {II ) — The 
fluorescence measurements were made m the Coleman model 12 electromc 

* Grants in aid of this investigation from the Nutrition Foundation, Inc , the John 
and Mary R Markle Foundation, and the Duke University Research Council are 
gratefully acknowledged The pyndoxine used in this study was generously donated 
by Merck and Company, Inc A part of the work described in this paper w as done 
under a contract, recommended by the Committee on Medical Research, between the 
Office of Scientific Research and Development and Duke University 
t Nutntion Foundation, Inc , Fellow 
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photofluorometer equipped mth Filters B1 and PCI, employed for thio- 
chrome determmations, the galvanometer was set at 100 with a solution 
containmg 0 3 7 of quimne sulfate per ml of 0 1 n HiSOi The aqueous 
solutions were diluted to bnng them withm the range of the instrument 
and the reaction adjusted to pH 3 to 4 for the metabohte (I) usually with 
glacial acetic acid, and for the lactone (II) to pH 9 ± 0 3 by the addition 
of solid sodium borate Smce the lactone form (11) gives a fluorescence 
intensity 25 tunes that of the metabohte (I) (see Table I and Fig 1), the 
latter was determmed preferably as the lactone, after bemg heated m 1 0 
N HCI for 15 mmutes at 100° For unne, a convenient procedure is to heat 
J 00 ml of unne with 9 ml of 1 10 solution of concentrated HCI m a 
co\erpd test-tube by immersion m boilmg water for 15 mmutes After 
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cooling, the urine is diluted to a known volume m order to brmg the reading 
withm the range of the instrument The solution m the cuvette is brought 
to pH 9 by the addition of solid sodium borate The blank readmg is 
obtamed from a sample of unheated urme m the same dilution and at the 
same pH With the instrument used m this study a convement standard 
consisted of a solution containmg 0 04 7 of the lactone (II) per ml of about 
1 per cent sodium borate solution The standard is not stable at this pH 
and 13 made up as required from a stock solution contaming 0 4 7 per ml 
m 0 1 N HCI solution 

It IS possible to measure quantitatively the fluorescent metabohte m 
unne as the lactone, after heatmg with acid, mthout partial isolation, 
because the effect of mterfermg pigments and of other fluoreacmg sub 
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stances is virtually eliminated by the extent of the dilutions employed 
Thus a 4 hour human urme collected after a 50 mg dose of pyndoxme 
IS diluted 500 to 1000 times for the fluorometric leadmg A normal urme 
13 diluted 100 to 200 times, dependmg on the volume Quantitative data 
on the excretion of the metabolite under varymg conditions will be given 
m a subsequent communication 

Isolation of Metabolite (I) from Urine — A 24 hour urme was obtamed 
from a normal mdividual who had mgested 1 25 gm of pyndoxme hydro- 
chlonde m 125 mg portions hourly over a penod of 10 hours The urme 
was adjusted to pH 4 5 ivith acetic acid and passed through two 42 X 2 5 
cm columns of Decalso,* CO to 80 mesh, previously washed ivith dilute 



Flo 1 pH-fluorescence curves The ordinate represents the fluorescence in 
galvanometer divisions on the model 12 Coleman electronic photofluorometer 
The broken line curve on the left is for aqueous solutions of compound (I) containing 
10 7 per ml , the urinary and synthetic compounds and also a sample of untreated 
urine are indicated by distinctive marks as show n The solid line curve on the right 
IS for aqueous solutions of compound (II), containing 0 OI 7 per ml , the urinary and 
synthetic compounds are indicated by distinctive marks 

acetic acid, 25 per cent KCl, and water until free from Cl“ The effective- 
ness of adsorption was checked by fluorescence measurements When 
the zeolite was saturated m respect to the compound, the latter was eluted 
with neutral 25 per cent KCl, the columns wa‘ hed, and the adsorption and 
elution processes repeated twee The KCl eluates were evaporated almost 
to dryness m an air current on the steam bath The large ciystallme mass 
of KCl was repeatedly extracted ivith small amounts of warm 95 per cent 
ethanol, the ethanol was evaporated and the salt lesidue reextracted with 
small volumes of 95 per cent ethanol This procedure was repeated se\ eral 
tunes until the final extract m 20 ml of ethanol was free of the greater 
portion of the salt This alcoholic solution which contamed about 30 mg 

^ A zeolite obtamed from The Permutit Company, 330 West 42nd Street New York 
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of compound (I) was evaporated to dryness and the residue dissolved in 
10 ml of hot water After the solution was cooled m an ice bath, the dark 
precipitate which appeared was separated by centrifugation, the super- 
natant fluid discarded, and the sediment extracted three times ivith 1 5 
ml portions of 0 1 N KOH The combmed alkahne extracts were acidified 
with a small excess of 5 n HCl, at which pomt the compound precipitated 
m poorly defined crystalhne form, which was filtered off The precipitate 
was washed on the filter iVith small portions of cold water and 22 mg of 
fight blown material were obtamed Two recrystallizations from 3 ml 
of hot pyndme yielded 10 mg of a white crystallme product, m p 247-248° 
(uncorrected, m a bath previously heated to 200 °) 

Isolation of Lactone Form (II) of Metabolite from Urine — A 20 hour urme 
was collected from a normal mdividual who had mgested 1 0 gm of vitanuu 
Be hydrochloride m 100 mg portions over a period of 10 hours The urme 
was rendered 1 N acid with H 2 SO 4 and heated m a boilmg water bath for 
i hour This treatment converts the metabohte (I) mto its lactone form 
(II) A fluorometnc measurement at this pomt mdicated that there were 
288 mg of the lactone present After bemg cooled and neutralized to pH 
5 to 6 , the urme was evaporated to a mushy residue of about 60 ml on the 
water bath m a current of air The residue was extracted with two 100 
ml portions of 95 per cent ethanol The alcoholic extracts were evaporated 
almost to dryness and taken up m water to a volume of 40 ml This dark 
solution was adjusted to pH 6 5, saturated with solid NajSOi, and placed 
m a contmuous ether extractor for 48 hours The ether extract at the end 
of this tune contamed 222 mg of the 288 mg of lactone estimated to be 
present m the origmal urme The ether extract was evaporated to dryness 
and the residue washed twice with 5 ml portions of cold (—5°) absolute 
ethanol to remove pigments The washed residue was taken up m 23 ml 
of 95 per cent ethanol, 0 5 volume of ether added, and the solution cooled 
m ice water The resultmg precipitate was washed once with 5 ml of 
alcohol-ether mixture (2 1) and discarded The alcohol-ether filtrate 
and washmg were heated to remove the ether The alcohol solution was 
then concentrated until crystallization began At this pomt the solution 
was immediately placed m an ice-cold bath After 1 hour, 170 mg of hght 
brown crystals were filtered off and washed with cold absolute ethanol By 
rapid crystallization adsorption of urme pigments on the crystals was 
avoided After three recrystalhzations from 95 per cent ethanol, 72 mg 
of the crystallme lactone were obtamed, m long pnsms, m p 263-265 
(uncorrected, m a bath previously heated to 200 °) 

Analysts *— Calculated C 68 18, H i:2i, N 8 48 

Pound “ 58 10. “ 4 38, » 8 69 

* The elementary analyses reported in this paper were corned out in the Labora- 
tory of Microchemistry, Dr Carl Tiedcke, New York 
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Synthesis of Lactone Form (//) of Metabolite from Pyridoxine— To a 
solution of 600 mg of vitamm B6 hydrochlonde (Merck) in 20 ml of water, 
there were added with mechanical stirrmg 45 5 ml of 0 5 n barium per- 
manganate’ at the rate of 0 3 ml per mmute As mdicated by a fluoro- 
metric measurement, this treatment produced 319 mg of compound (II) 
The yield of the lactone is greatly leduced if the oxidation is earned out at a 
faster rate or more permanganate than indicated above is used At the 
end of the oxidation, the MnOj was centrifuged ofif and washed five times 
with 5 ml portions of hot water The filtrate and washmgs which were at 
pH 6 2 were concentrated to about 15 to 20 ml undei reduced piessure and 
adjusted to pH 6 4 The solution was saturated with NaiSOi and sub- 
jected to contmuous ether extraction for 48 hours The ethei extract by 
fluorometne measurement contained 300 mg of the original 319 mg esti- 
mated to be present after the oxidation The ether extract was evaporated 
to dryness and the yellow i esidue dissolved in 35 ml of hot (65°) 95 per cent 
ethanol, filtered, and the filtrate concentrated until crystallization began 
The solution was immediately placed m an ice bath After 1 hour, 240 
mg of bght yellow crystals were filtered off and washed wth cold absolute 
ethanol After two recrystallizations from 95 per cent ethanol, 155 mg 
of the lactone (II) were obtamed, ra p 263-265° (uncorrected, m a bath 
previously heated to 200°), the mixed meltmg pomt wth the unnaiy 
lactone was 263-265° The crystals are well defined long prisms, as shown 
m Fig 2, b 


Analysts*— C,H,0,N Calculated C 58 18, H 4 24, N 8 48 
Found “ 57 87, “ 4 47, “ 8 57 

Preparation of Compound (7) from Synthetic Lactone (77) — 25 mg of the 
synthetic lactone (II), prepared as above, m 3 ml of 0 1 n KOH were 
gently boiled in a small beaker over a free flame for 12 mmutes until the 
volume was reduced to about 0 5 ml and cooled A few drops of 5 N HCl 
were added to strong acidity The compound precipitated out rapidly m 
a white mass and was filtered and washed free of salts and acid with ice- 
cold water The product was recrystallized three times from 3 ml of 
boilmg pyndme to give 10 mg of white whetstone and wedge-shaped 
crystals (Fig 2, a), m p 247-248° (uncorrected, m a bath previously heated 
to 200°) This compound (I) may also be obtamed by the direct oxidation 
of pyndoxme m a strongly acid (0 5 N HCl) solution wth permanganate 

* Presumably KMnO^ can be used We employed the barium salt with the original 
intention of removing the cation later This proved unnecessary 
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However, under these conditions there are also produced small amounts of 
the lactone, and the separation of the two forms presents difficulties 
The identification of the urmary with the synthetic products is based 
uppn the melting points, quantitative fluorescence, and elementary analy- 
ses, summarized m Table I In addition, the identity is further demon- 
strated by the comcidence of the pH-fluorescence curves shown m Fig 1 
and also by the similar behavior m regard to the reversible reaction, 

H+ 

Compound (I) v - compound (II) 

OH- 

Properiies and Slructure of Metabolite — The metabolite is a white crystal- 
line solid having a melting pomt of 247-248° (uncorrected) It is shghtly 
soluble in watei, alcohol, and pyridine It is msoluble m ether and m 



aqueous acid solution but completely soluble m alkahne solution It 
possesses two acidic groups, one a phenolic group and the other a carboxyl 
having pK values of 9 75 and 5 50 respectively, as is seen m the titration 
curve m Fig 3 In aqueous solution under ultraviolet hght it exhibits 
a charactenstic blue fluorescence, the mtensity of which follows a charac- 
teristic curve when plotted agamst the pH, as seen m Fig 1, reaching a 
maximum at pH 3 to 4 The fluorescence disappears on reduction with 
hydrosulfite and is restored to the ongmal mtensity by oxidation wth 
H;0'> The metabolite is adsorbed on zeolite from aqueous solutions at 
pH 4 to 5 and is eluted with 25 per cent KCl, n-butanol extracts of the 
neutral eluates yield the same characteristic blue fluorescence as was 
observed m aqueous solutions The extraction mto butanol is maximal 
at pH 6 to 7 Smgal and Sydenstneker (I) origmally observed a fluores- 
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cence appearing in isobutanol extracts ot unne collected aftei doses of 
pyridoxme These investigators apparentlj determined the minimal 
fluorescence m neutral butanol solution Hoivever, the mtensity is in- 
creased to a maximum if the butanol is acidified with a few drops of glacial 


Table 1 

Comparison of Synthetic and hrinary Oxidation Producti, Compounds (/) and {II) of 

Pyrtdoxtne 



p of 
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Mp of 
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8 69 
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247-248 
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58 18t| 

4 24t 
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• The fluorescence is expressed in galvanometer divisions per microgram perm] 
in the Coleman electronic photofluorometer with Filters B1 and PCI 
t Calculated 



Fig 3 Titration curves of 0 026 mu ot compounds (I) and (11) For compar 
laon the titration of 0 026 and 0 052 mu of HCl are also given 

acetic acid The metabohte (I) is stable to boiling with dilute alkali (In), 
but upon bemg heated with 0 5 n acid for 10 minutes is converted to com- 
pound (11), possessmg also a blue fluorescence In this case, however, the 
maxunal mtensity is at pH 8 6 to 10 compared to pH 3 to 4 for the ongmal 
compound The fluorescence intensity of compound (II) at its maximum 
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IS 26 times greater than that of compound (I) at its respective maximum, 
and follows a well defined pH-fluorescence curve, as illustrated m Fig 1 
Compound (II) possesses one weakly acidic group with a pK value of 7 05, 
as shown m the titration curve m Fig 3 This compound when heated with 
alkah is reconverted mto compound (I) with the neutralization of 1 equiva- 
lent of alkah 

The structure of the metabolite (I) was detennmed by way of compound 
(II), smce the latter form offered several distmct workmg advantages over 
the former The lactone (II) is more readily obtamable from unne, it 
possesses greater solubihty m water, and it exhibits a far greater fluores 
cence mtensity, thus the fate of the compound could he more readdy fol- 
lowed quantitatively m the course of chemical reactions 

An elementary analysis of compound (II) mdicates an empincal formula 
of CgHvOsN, which corresponds to the lactone of 2-methyl-3-hydroxy- 
4-carboxy-5-hydroxymethylpyndme The molecular weight of 165 was 
confirmed by titration (Fig 3) 

Heatmg an aqueous solution of compound (II) with CNBr at 75° for 5 
nunutes, coohng, and addmg saturated aqueous anilme gave the charac- 
teristic yellow color produced by pyndme and its denvatives This mdi- 
cates the presence of pyndme mtrogen m its uncombmed, tertiary state 

Treatment of an aqueous solution of compound (II) with FeSOi gave no 
color reaction, thus the compound contamed no a-COOH group m position 
2(3) a-Picolimc acid under similar conditions gave a strong color reac- 
tion Since compound (II) can be obtamed by permanganate oxida- 
tion of pyndoxme which contams an a-methyl group, and smce the FeSOi 
test was negative, mdicatmg no — COOH group m this position m com- 
pound (II), it was concluded that the methyl group had remamed mtact 
durmg the oxidation 

That position 3 on the pyndme rmg is occupied by a phenohc hydroxyl 
group IS demonstrated by the followmg evidence A potentiometnc 
titration of the lactone (II) showed the presence of a weakly acidic group 
(pKi 7 05, Fig 3) , a strong FeCU reaction for the phenohc group was 
obtamed, the compound yielded a methyl ether (m p 111-112°) upon treat- 
ment with diazomethane^ which gave a negative test with FeCh Treat- 
ment of an alkalme solution of compound (II) with Gibbs’ 2,6-dichloro- 
qumonechloroimide reagent (5) gave the characteristic blue color A 
positive color reaction was obtamed when compound (II) was coupled with 
diazotized p-bromoanilme, mdicatmg a |3-hydroxy group (6) 

Smce compound (II) has a hydroxyl group m position 3, then position 6 
on the rmg remains unsubstituted, as mdicated by the positive color re- 
action with the 2,6-dichloroqumonechloroumde reagent Gibbs (5) has 
shown that p-substituted phenols do not react with this reagent 

* The methyl ether was synthesized by a method described by Harris el at (4) 
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The evideuce preaeuted indicates that the poition of the structure of 
compound (II), except for the groups occupying positions 4 and 5, is identi- 
cal with that of pyridoxme itself The following experiment demonstrates 
conclusively that this is the case Treatment of the lactone (II) with the 
diazomethane* yielded its methyl ether (III), which, upon oxidation with 
neutral Ba(MnO02, was converted mto a dicarboxyhc acid ® The meltmg 
pomt was 207-208°, although it vaned, dependmg upon the rate of heatmg 
This compound gave a negative test for an a-COOH group (3) with ferrous 
sulfate, and a negative reaction for a phenohc group with feme chlonde 
Titration of the compound with alkah resulted m the consumption of 2 
eqmvalents The compound was heated at 130° with resoremol and a few 
drops of concentrated HjSOi for a few mmutes When the mixture was 
made alkalme, a phthalem havmg a greenish yellow fluorescence was pro- 
duced, mdicatmg that the two carboxyl groups are on adjacent carbon 
atoms (7) 2-Methyl-3-methoxy-4,5-dicarboxypyndme (IV) was pre- 
pared accordmg to the method of Stiller el al (6) The meltmg pomt of 
this compound (TV) was 205-206°, which also varied, dependmg upon rate 
of heatmg The mixed meltmg pomt of the dicarboxyhc acid (IV) and the 
dicarboxyhc acid as prepared above from the lactone (II) was 205-206° 
The dicarboxyhc acid derivative of the lactone (II) is therefore 2-methyl- 
3-methoxy-4,5 dicarboxypyndme (TV) and thus proves that the portion 
of the structure of the lactone (II), other than the groups m positions 4 
and 5, is identical with that of pyndoxme 

This leaves the two groups m positions 4 and 5 for consideration The 
fact that compound (II) is an oxidation product of pyndoxme which con- 
tains — CH 2 OH groups m positions 4 and 5 simplified the problem some- 
what 

The foUowmg reasorung is presented to show that positions 4 and 5 
m the metabolite (I) are occupied by a — COOH and a — CHjOH respec- 
tively, and that m compound (II) a lactone rmg exists between positions 4 
and 5 When compound (II) was heated with alkah, 1 equivalent was neu- 
tralized with the hberation of one — COOH group, as shown m the titration 
curve. Fig 3 Scudi and collaborators (8) utihzed the different behavior of 
the chloroimide mdophenol reaction in the presence of veronal and borate 
buffers in the elucidation of the structure of several metabolites of 
pyndoxme In this study it was found that compound (II) gave a positive 
reaction m the presence of both buffers, whereas compound (I) gave a 
positive reaction with veronal and a negative reaction mth the borate 
buffer 

These data mdicate that position 4 is occupied by a — CH.OH group and 
position 5 by a ■ — COOH grouper vice versa, and that m compound (II) the 

* The dicarboxylic acid was synthesized by a method described by Harris et cl 
(4) 
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group m position 4 is not free to form a boron complex The group m 
position 4 IS apparently closed m a lactone rmg with the group m the 
adjacent 5 position, as shoivn by the sapomfication reaction with alkah 
as described above The lactone (II) then has one of two possible struc- 
tures (II, Ila) It IS either the lactone of a 4-hydroxymethyl-5-carboxy- 


C— 0 


CH,I 


N 

(II) 


HOd 


CH,-0 


N 

(Ila) 


pyndme denvative (Ila) or a 4-carbo\y-5-hydroxymethylpyndme deriva- 
tive (II) The lactone (II) obtamed from acid heated unne was compared 
as to meltmg pomt and quantitative fluorescence measurement ivith a 
sample of the lactone of 2-methyl-3-hydro\y-4-hydroxymethyl-5 carboxj- 
pyridme (Ila)® with the foUowmg results Although the mdividual meltmg 
pomts of the two lactones were identical (263-265°, with decomposition), 
the mLxed meltmg pomt was depressed to 225° The fluorescence, though 
qualitatively similar, was considerably different quantitatively It is thus 
apparent that the urmary lactone (II) is not a 4-hydroxymethyl-5 carboxy- 
pyndme denvative (Ila) but is the isomer, a 4-carboxy-5-hydroxymethyl- 
pyndine denvative (II) 

It IS, therefore, deduced that compound (II) has the structure given m 
the precedmg set of formulas and that the free acid compound (I) obtamed 
from it by heatmg with alkali represents the structure of the metabolite 
occurrmg m human urme 

That the oxidation product of pyndoxme is excreted m human unne m 
the form of the free acid (I) and not as a compound conjugated through the 
phenolic on hydroxymethyl group is shown by the axact comcidence of the 
pH-fluorescence curve (Fig 1) measured m an untreated concentrated urme 
sample -with that obtamed from the crystallme compound isolated from the 
urme as above Furthermore, when this urme was heated with acid, the 
mcrease m fluorescence, now measured at pH above 8 5, corresponded 
quantitatively with that observed on conversion of the synthetic acid (I) 
to the lactone (II) 

The occurrence of the oxidative metabolite (I) m the urme of men and 

‘ The sample was furnished through the kindness of Dr K Folkers of the Research 
Laboratories of Merck and Company, Inc The compound was synthesized by 
Harris, Stiller, and Folkers (4) in their study on the structure of pyndoxme 
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of other species, as well as its relation to the other metabolite denvatives 
of pyndoxme, as described by Scudi and collaborators (8), will be discussed 
m a succeeding article 


SUMMARY 

A fluorescent compound appearing m urme after the ingestion of pyn- 
doxme was isolated and identified as 2-methyl-3-hydroxy-4-carboxy-5- 
hydroxymethylpyndine (4-pyridoxic acid) Heating with mmeral acid 
converts this compound into its lactone The lactone was prepared syn- 
thetically from pyridoxme fay oxidation ivith permanganate, and con- 
verted to the correspondmg acid by heating with alkah 
The metabolite and the lactone possess characteristic pH-fiuorescence 
curves Based upon this property, a general fluorometric method for the 
quantitative determmation of either compound was developed The ap- 
phcation of the method to the direct estimation of the lactone m the unne 
IS described 

Addendum — After the completion of the above work the possible relation of the 
oxidative metabolite to the metabolite described by Snell, Guirard, and Williams 
(9) was clarified m the following manner 

Samples of the acid (I) and of the lactone (II) were sent by us to Dr E E Snell 
and were kindly tested by him for “vitamin B«” activity employing Streptococcus 
lactis R, LactohaciUus casei, and yeast The results were as followis The acid (I) 
showed almost no activity with any of these orgamsms A sample of the lactone 
(II) prepared from the acid (I) used above was 0 24 as active as pyridoxine hydro- 
chloride for Streptococcus laetis, 0 02 as active for Lactobacillus casei, and 0 00025 
as active for yeast Barring the possible production of small amounts of an active 
impurity durmg lactomzation, the lactone (II) possesses only a very slight pseudo- 
pyridoxine activity It is thus apparent that neither the acid (I) nor its lactone is 
identical with “pseudopyridoxine" as described fay Snell and his collaborators An 
aldehyde and an amine of pyridoxine, as recently synthesized by Harris, Heyl, and 
Folkers (10), were shoivn to possess pseudopyridoxine activity in microbiological 
assays by Snell (11) 
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A FUNCTION OF PYRIDOXAL 


Sirs 

Previous work has shown that the rate of tyrosine decarboxylation by 
cell suspensions of Streptococcus faecahs is influenced by the concentration 
of pyridoxine added to the growth medium ^ It has been found that auto- 
claving pyridoxme with cystme* or treatment with dilute hydrogen perox- 
ide’ enhances its growth-promoting activity for lactic acid bacteria, and 
both of these preparations have been shoivn to stimulate the rate of tyro- 
sine decarboxylation by cell suspensions harvested from media deficient m 
pyndoxme or its derivatives * The present report deals with the activity 
of two synthetic compounds, pyridoxal and pyridoxamme,’ which were 
kindly supphed to us by Dr E E Snell 

Pyndoxal under the conditions used stimulates the tyrosine decarboxy- 
lase system of S faecalts R, whereas pyndoxamine does not 

T3Tosme decarboxylation was followed manometrically by determmmg 
the rate of CO 2 evolution Each Warburg cup contamed 0 5 ml of m/30 
tyrosme suspension, 1 ml of 0 07S m phthalate buffer, pH 5 0, and water or 
test substance to make 2 5 ml The side arm contamed 0 5 ml of cell 
suspension (— 0 24 mg of bacterial mtrogen) m salme The cells were 
harvested from the hydrolyzed gelatm medium,’ which contains about 100 
mg per cent of alarune and thus supports the growth of the R stram of S 
faecalis without added pyridoxme ® 

The QcoiN of 415 is approximately the maximum value which has been 
obtamed with this culture, other enterococci studied have shown values as 
high as 2500 The stimulation of tyrosme decarboxylation occurred after 
the first 10 mmute interval and the linear rate was mamtamed for at least 
2 hours 

‘ Bellamy, W D , and Gunsalus, 1 C.J Bact, 46, 573 (1943), Bact , m press 

’ Snell, E B , Pros Soc Exp Biol and Med , 61, 356 (1942) 

• Carpenter, L E , Elvehjem, C A , and Strong, F M , Proc Soc Exp Biol and 

Med , 64, 123 (1943) , „ , 

« Gunsalus, I C , and BeUamy, W D , P Bact , 47, 413 (1944), J Biol Chem , 
m press 

’ SneU, E E , y Biol Chem , 164, 313 (1944) 

• SneU, E B , and Gmrard, B E , Proc Nat Acad Sc , 29, 66 (1943) 
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Tyrosine Decarhoxylalion by Streptococcus faecahs R* 


Pyndoxal 

CO 3 evolved 

QcojN 

7 Per 3 ml 

mtcrohiers per hr 


0 0 

6 

20 

0 02 

12 

50 

0 04 

23 

96 

0 06 

32 

137 

0 1 

45 

188 

0 3 

85 

355 

0 6 

90 

376 

3 0 

100 

415 


* A T C No 8043 under the name Streptococcus lactis R 


The dissociation constant of the pyndoxal-tyrosme decarboxylase enzyme 
may be approximated from the above data if one makes the usual assump- 
tions that only the combmed form is catalytic, and that the amount of com- 
bmed pyridoxal is small m proportion to the total amount present The 
dissociation constant 

^ (pyndoxal)(uncombined protein) (cKKaax u) 

(pyndoxal-protein) r 

- Vmax is the maximum reaction velocity of the system studied and c 
a V are respectively the concentration of pyndoxal and the correspondmg 
«ue of CO2 evolution from the accompanymg table When the equation 
for the dissociation constant is rearranged m one of the hnear forms,' as 
l/« = l/clf/Fmax + 1/Fmaa and the data plotted, 006 obtams a Fmai of 
105 and a K^y pe, 3 mi i of 0 15 As the molecular weight of pyndoxal is 
168, the dissociation constant KtsO 15/(3 X 1000 X 168) = 3 X 10“' mole 
per hter The relatively low dissociation constant mdicates that only a small 
amount of pyndoxal should be required m cells for optunum function of this 
system 
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THE STRUCTURE OF ASPERGILLIC ACID 


AspergiUic acid is an antibiotic agent which was isolated by White 
and Hill’ = from a stram of Aspergillus flavus Though the production 
and antibacterial properties of this substance have been studied m de- 
tail only a few chemical data have so far been recorded * In the present 
conlmumcation we briefly present the results of further chemical work, and 
our conclusions regardmg the structure of this compound j / tt- c F;^ 

Aspergilhc acid, mp 93°, CuH,oOjNj, is a monobasic acid (pK 5 5), 
which also possesses a weakly basic group (hydrochlonde, m p ) 
forms a highly characteristic grass-green cupric salt meltmg at 19S A 
methanolic solution yields a deep red coloration on the addition of a drop 
of feme chlonde solution That these properties are associated with an 
acidic hydroxyl group was shoivn by the conversion of asperse acid, 
either by dry distUlation m the presence of copper chromite catalyst or by 
reduction with hydrazine, mto an essentially neutral desoy compound, 
CuHmONi, (m p 100°) Smee the above reactions are typical for hydroxa- 
mic acids, the presence of the groupmg -N(OH) CO- w^ suspected 
Both aspergiUic acid and the desoxy compound show a well defined smg 
maximum at 325 m#i (« = 8500) in their ultraviolet absorption spectr^ 

They are both optically active ([ali> = +13 and + „ 

ethanol) They exhibit remarkable stabihty towards acidic and alkaline 

hydrolytic agents and are mdifferent to neutral potassium 
solution These properties, coupled wth the additiona ao ci e > 
suggested the presence of an a-pyrazone nucleus, wit su s i ue 
groups carrying the asymmetric carbon atom (or atoms) i 
of biogenetic considerations the accompanymg structures for aspergi 
acid (I) and desoxyaspergillic acid (II) were formulate 
These formulas receive support from the following mgs 
ultraviolet absorption spectrum of a-pyrazone exhi ' ® ^ ^ 

315 ma (. = 4500) (2) Aspergilhc acid, as well as the desoxy com 

pound, IS reduced by zme m acetic acid to ^etrahydro esoxy 
CuHhON,, isolated as the hydrochloride (mp 260 ) ® ^ 

acid can be brommated m aqueous acid media to a romoaspergdlm 

«.d, C..H„O.N.Br, (n, p 129") wtah st.ll 

for hydroxamic acids Similarly, desoxyaspergil ic „{ these 

bromo derivative C.H.ON.Br (m p 130°) The alkali stabihty of these 

‘ White, E C , Science, 92, 127 (1940) 

‘ White, B C , and Hill, J H , / Bad . «. 433 (1943) 

’ Jones, H , Rake, G , and Harare, D , J Bact, , K > 

‘ Menzel, A E O , Wintersteiner, O , and Rake, U , J ooc , 
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N O 
H 

(HI) 

bromo compounds mdicates substitution m the nucleus, i e , in the 5-posi- 
tion (4) In 50 per cent acid solution deso'tyaspergillic acid is oxidized 
by bromme to a quinone-like compound (CuHisOaNs, m p 270°, ultraviolet 
maximum at 285 ma, « = 22,200) The latter on catalytic hydrogenation 
absorbs 2 moles of hydrogen and is thereby transformed mto a neutral, 
optically active substance, CuHsaOiNj (m p 250-252°, with sublimation), 
which possesses the typical properties of a diketopiperazme Eacemic 
isoleucme anhydnde prepared from df-isoleucme melted at 257° and was 
mdistmguishable from Compound III m appearance and solubihty proper- 
ties Conclusive identiScation is rendered difiBcult because (III) may 
represent only one of the four stereoisomers of isoleucme anhydnde 
Unfortunately this diketopiperazme is extremely resistant to hydrolysis ‘ 
However, further structural evidence was adduced by the reduction of 
aspergiUic acid with sodium and amyl alcohol to an optically active pipera- 
zme base, CuHaNj (mtrate, m p 222°) The correspondmg racemic base 
was obtamed by the same reaction from synthetic isoleucme anhydnde 
Comparison of several denvatives (picrate, mtrate, dibenzoate, mtroso 
compound) left httle doubt as to the structural identity of the two com- 
pounds 

Pirision of Organic Chemistry J D Dotchbb 
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FOLIC ACID IN COTTON 
Sirs 

In the determination of folic acid by means of the metabolism of Laclo- 
baallus casei e, it was observed that duphcate tubes frequently pioduced 
widely varj'mg amounts of acid The extraction of inhibitory or stimula- 
tory substances from the cotton plugs was suspected An aqueous extract 
of the cotton used for pluggmg the tubes was tested together with suitable 
controls, and full growth of L caset t as measured by acid production was 
obtamed m tubes which contamed little or no added fohc acid * Assays 
on aqueous extracts of weighed amounts of cotton mdicated that two 
samples of absorbent cotton contained less than 0 00027 y per gm , while 
the third sample (non-absorbent cotton) contamed at least 100 tunes as 
much of the growth activator The non-absorbent cotton used showed 
particles which appealed to be fragments of bolls or seeds Hence mtact 
bolls^ of Upland cotton were obtamed, the fiber, seeds, and bolls were 
separated, and ground, weighed, and extracted with 20 volumes of boiled 
distilled water for 2 hours at 37° Assays of these extracts mdicated that 
the fiber contamed approximately 0 028 y per gm , the bolls approxunately 

0 5 Y per gm , and the seeds 0 75 y per gm Extracts of seeds obtamed 
from other sources’ ■* were remarkably umfoim, contammg 0 8 to 1 2 y 
of active substance per gm of raw material 

That the growth-stunulatory substance m the crude extracts is fohc 
acid IS attested by the followmg data (1) It stimulates the growth of 
both Streptococcus lacks R and Lactobacillus casei e m fohc acid-free media 

(2) It IS water-soluble, but relatively msoluble, at least m the crude state, 
m ethyl ether, ethyl alcohol, acetone, benzene, chloroform, and pyridine 

(3) It IS destioyed by methods known to destroy fohc acid 

Acid hydrolysis (autoclavmg m 1 N sulfuric acid) destroyed 99 pei cent 
Treatment with glacial acetic acid failed to destroy the material, but 

1 eduction with zmc m the presence of glacial acetic acid destroyed 37 
per cent 

Oxidation with 1 pei cent hydiogen peroxide destroyed 34 per cent 
activity 

' We are indebted to Dr R J Wilhama, The University of Texas, for the sample of 

fohc acid used 

’ The bolls were received from Arthur Mosby, Memphis, Tennessee, through the 
kindness of the Lockport Cotton Batting Company 
’ T L Carter, Sr , Tutwiler, Mississippi 
‘ Lockport Cotton Batting Company, Lockport, New York 
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Further experiments dealmg ivith the age of the cotton plant, the source 
of the material m relation to the folic acid content, and simple methods 
of concentration are m progress 

Wellcome Research Laboratories Marion B Sherwood 

Tuchahoe, New York Eileen D Singer 
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ON THE ENZYMATIC SPECIFICITY OF RENIN 


I THE PROTEINASE COMPONENTS OF RENIN PREPARATIONS AND 
THEIR RELATION TO RENIN ACTIVITY 

By ALBERT A PLENTL and IRVINE H PA.GE 

{From the Lilly Laboratory for Clinical Research, Indianapolis City Hospital, 

Indianapolis) 

(Received for publication, May 25, 1944) 

It has frequently been suggested (1, 2) that renin is a proteolytic enzyme, 
and that its action is the selective hydrolysis of one oi more peptide link- 
ages of the globulm renin substrate The observation of Croxatto and 
Croxatto (3) that pepsm can be substituted for renm in the preparation of 
an angiotomn-like pressor substance which they called pepsitensm led 
Croxatto, Croxatto, and Alhende (4) to the conclusion that renm belongs 
to a group of enzymes (carbonylprotemase) of which the best known rep- 
resentative IS pepsm In view of the fact that they used a number of 
synthetic substrates which are generally employed for enzyme studies, it 
must be assumed that their suggestion is meant to imply homospecificity 
of pepsm and renm The meanmg of the term homospecificit}’- will become 
clear from the followmg, although somewhat brief, definition of the w ord 
A peptide link age is attacked by a particular pioteolytic enzyme if it 
occurs m the proper environment of ammo acid residues Tw o substrates 
which differ only with respect to 1 of their ammo acid residues but are 
identical m all other structural details will be hydrolyzed by an enzyme 
at different rates, as expressed m terms of the proteolytic coefficients If 
the ratio of these coefficients, the ■proteolytic quotient, is identical for both 
enzymes under consideration, the enzyrmes are “homospecific ” If, on 
the other hand, the numerical value of the quotient for one enzyme is 
different from the one obtamed by allowmg another enzyme to act on the 
same pair of substrates, this pair of enzymes is “heterospecific ’’ 

Smee the criteria of chemical purity cannot be met for most mtracellular 
proteolytic enzymes, Bergmann and his associates characterized the spec- 
ificity of these protemases by comparmg the rates at which well chosen 
synthetic substrates aie hydrolyzed by them (5) They thus arrived at 
n new system for the classification of proteolytic enzymes which appears 
to be the most clear cut yet devised (6) It is the object of this mvesti- 
gation to determme whether renm is to be placed m any of the general 
groups of mtracellular enzymes as defined by Bergmann and his associates 
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Methods and Materials 

The enzyme solutions employed were prepared accordmg to the pro- 
cedure described by Plentl and Page (7) This procedure consists of sa- 
line extraction of defatted and dried kidney powder followed by two 
precipitations ivith sodium chlonde at pH 4 0 On repetition of the sodium 
chloride precipitation the resulting renm solutions were found to be prac- 
tically free of angiotonase Such solutions were frozen and dned m the 
frozen state The residual hght, dry powder could be stored at room 
temperature foi months without loss of activity When needed, it was 
dissolved m normal salme or distilled watei to yield the desired concen- 
tration, the nitrogen content being determmed bj the micro-Kjeldahl 
method 

For storage or long mcubation experiments all solutions ivere kept stenie 
and for short term experiments merthiolate (sodium ethjhnercunthio- 
sahcylate, Lilly) was added in such quantities as seemed necessary to pre- 
vent bactenal growth 

Crystalline Pepsin — ^This was prepared according to the procedure of 
Northrop (8) For all experiments involving biological assays, the enzyme 
was dissolved in normal sahne and the nitrogen concentration detemuned 
by the micro-Kjeldahl method 

The synthetic polypeptides which were used in this mvestigation were 
prepared accordmg to the vanous procedures reported by Bergmann and 
his associates (Table I) The course of the hydrolysis was followed by 
increase m ammo mtrogen as determmed by the method of Van Slyke 
except m the case of leucmamide m which the mcrease of free ammo acids 
was determmed by the method of Van Slyke, Dillon, MacFadyen, and 
Hamilton (14) Our first order reaction constants were calculated accord- 
mg to the formula K = \/t log a/{a — x) The proteolytic coefScients 
were then calculated by dividmg K by the mg of protem nitrogen per cc 
of the test solution (15) 

The pressor strength of angiotonm or pepsitensm solutions was deter- 
nnned by bioassay, pithed cats bemg used as test animals Reaction con- 
stants and proteal 3 rtic coefficients were calculated as descnbed above 

The proteolytic coefficient, C, refernng to a specific substrate, X, and 
the enzyme, F, is written as Cx In order to simplify the wnting of 
proteolytic coefficients, the followmg abbreviations are used throughout 
this paper P for pepsm, PT for pepsitensm, R for renm, ES for renm sub- 
strate, SHOP for sivme kidney carboxypeptidase, and POP for pancreatic 
carboxypeptidase The synthetic substrates were designated by the usual 

abbreviations (6) . 

The determmation of renm was earned out as previously descnbed (71 
Rather than use “renm units” we preferred the proteolytic coefficient. 
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Crs, to express leum activity Since “renm units” by definition are pro- 
portional to the reaction constant, Crs was calculated from the equation 

^ (renm units) X 10"’ 

mg protein N per co test solution 


Table I 


Effect of Crude Renin Preparations on a Number of Typical Synthetic Substrates 


Substrate 

Temper 

ature 

N per 
cc test 
solution 

At 

Ct 

Enzyme indicated 
by hydrolysis 


C 

mg 




Carbobenzoxyglyoyl 1- 






phenylalamne (9) 

37 

0 17 

0 0022 

0 013 

Carboxypeptidase 

Carbobenzoxy 1 glutamyl 

1 tyrosine (10) 
Carbobenzoxy 1 glutamyl- 

30 

0 11 

0 0011 

0 010 

Pepsmase 

2 phenylalamne (9) 

30 

0 11 

0 00079 

0 0072 

it 

2 Leucinamide§ (11) 

37 

0 39 

0 0066 

0 017 

Ammopolypeptidaae 






Oeucylpeptidase) 

2 Leucylglycine (12) 

Benzoyl 2 argimnamide 

37 

0 77 

0 0027 

0 035 

(( tt 

(13) 

37 

1 Hydrolyzed | 


Trypsin ase 


The pH of all incubation mixtures was maintained at 5 3 by means of 0 1 n citrate 
buffer 

* The figures in parentheses represent the bibbographic references in which the 
preparation of the vanous substrates is described 



K 


1 1 - = ^ 

mg N per cc 

§ Cysteine added 


test solution 


DISCUSSION 

The mtracellular proteolytic enzymes of animal tissues are generally 
divided mto four groups, which Bergmann ongmally designated as Cathep- 
sms I, II, III, and TV (16)’ and for which he has more recently (6) preferred 
the nomenclature pepsmases, tiypsmases, ammopeptidases, and carhoxy- 
peptidases, because of their analogy to the enzymes of the gastromtestmal 
tract If re nin is to be regarded as an mtracellular proteolytic enzyme, 
it might be identical or homospecific with any one of the cathepsins defined 
above or be m a group by itself 

If it IS to be decided whether a certam enzyme activity of a particular 
preparation can be attributed to one or more pnnciples m this preparation, 
it IS customary in enzyme chemistry to demonstrate first the presence of 

^ Recently Rocha e Silva and Andrade defined Cathepsin V (17) 
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the enzymes in a qualitative way and then study the enzymatic homo- 
geneity of the sample by means of activity ratios Fractionation proce- 
dures which need not necessarily result m chemical purification of the sub- 
stance but may mclude fractional denaturation are then applied and the 
activity ratios are compared to the ongmal If many different methods 
of iractionation fail to alter the activity ratio for any pair of supposed 
enzyme activities, the preparation is homogeneous m regard to these 
activities If, for example, the ability of kidney extracts to produce angio- 
tomn from blood protems is to be attributed to a certam protemase activity 
as measured by its ability to hydrolyze especial synthetic substrates, the 
ratio of protemase to renm activity must not change no matter what frac- 
tionation or fractional mactivation procedure had been employed 

If, On the othei hand, a certam preparation shows all of the necessary 
chemical criteria of punty, e g homogeneity m the ultracentnfuge and 
after electrophoresis as well as its phase rule relations, it can be assumed 
to be enzymatically homogeneous We therefore attempted to prepare 
remn m relatii ely pure form before going any' further m our studies of its 
enzymatic specificity 

Renm samples prepared accordmg to the directions given m the hterature 
are generally rather crude mixtures of mtracellular proteins which do not 
even appioach the ciitena of chemical punty In this connection, a re- 
cent paper by Katz and Goldblatt (18) on the purification of remn is of 
mterest They believed that they had prepared an electrophoreticallv 
homogeneous renm An electrophoretic analysis, for which we are mdebted 
to Dr W W Davis and Mr T V Parke, of a sample prepared according 
to then method indicated at least five, possibly seven different components 
It seems piobable that Katz and Goldblatt used too short an exposure to 
effect adequate resolution in the electnc field Then sample was stated 
to be homogeneous at 50 mmutes exposure but no information is given be- 
yond this tune Smce the values of the mobilities of these protem constit- 
uents are very close together, at least 200 oi 300 mmutes exposure would 
be required foi adequate separation 

Although admittedly' very impure from a phvsicochenucal pomt of view, 
our lemn preparations seemed to lend themselves well for a study of then 
enzymatic characteristics Smce it would appear highly improbable that 
the samples are enzymatically homogeneous, a qualitative analysis for 
them enzyme constituents seemed mdicated 

Several synthetic polypeptides were mcubated with different amounts 
of renm samples and the degree of hydrolysis determmed by^ the usual 
methods The results of this study are given m Table I, from which it 
can be seen that the preparation contains all four common cathepsms 
These mclude carboxypeptidases, pepsmases, ammopeptidases which mi^t 
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include leucjlpeptidases, and trypsmases Carboxypeptidases hjdrolyze 
carbobenzoxy-Z-glutamyl-Z-tyrosme and carbobenzoxyglycyl-Z-tyrosine (19), 
while pepsinases hydrolyze the latter substrate only to an insignificant 
extent (20) The rate at which carbobenzoxy-Z-glutamyl-l-tyrosme is 
hydrolyzed by carboxjTieptidase is very much greater than the hy- 
drolysis of this substrate by pepsm Hence, the only conclusion that 
can be drawn from the findmg that both carbobenzoxyglycyl-Z-phenylal- 
amne as well as carbobenzoxy-Z-glutamyl-Z-tyrosme are hydrolyzed by 
this renm preparation is that it contams kidnev carboxypeptidase but not 
necessarily kidne\ pepsmase 

The hydrolysis of leucmamide and leucylglv cme mdicates the presence 
of ammopeptidase or leucylpeptidase No hydi olysis occurs m the absence 
of cysteme, which would therefore rule out the suggestion that renm might 
be identical wuth this enz 5 Tnatic constituent, tor renm activity requires no 
activation This identity appears even more unlikely if it is considered 
that an exopeptidase can hardly be responsible toi the formation of a poly- 
peptide (angiotonm) from a high moleculai weight protem (rerun substrate) 
unless the linkage of angiotonm to the residual renm substrate should be of 
such a nature that it becomes sensitive to hydrolysis by ammopeptidases 
If this IS true, then angiotonm must be formed from renm substrate by 
sphttmg off of 1 ammo acid residue Onty an acid or basic ammo a,cid can 
be considered, since it must have at least one functional group m addition 
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to its a-ammo and carboxyl group This functional group must then be 
involved in peptide linkage mth a chain of ammo acids With lysme and 
aspartic acid as examples, this concept ivill become clear from Formulas 
I and II of this moiety of the rerun substrate molecule 

In addition to the objections outhned above (no activation necessaiy) 
it must be pomted out that angiotonm is mactivated by ammopeptidase 
and carboxypeptidase Formula I does not show a peptide Imkage sen- 
sitive to ammopeptidase hydrolysis and a compound of Formula II would 
probably not be hydrolyzed by carboxypeptidase 

The hydrolysis of benzoylargmmamide was not followed quantitatively 
because it must be detennmed by an mcreaSe m titratable carbmiyl groups 
(13), a procedure which, m our hands, did not prove sufficiently accurate 
for the calculation of reaction constants Smce the rate of hydrolysis 
was not very fast, high concentrations of protem were required, which 
caused a large amount of undesirable precipitate dunng the titration and 
also masked the color change of the mdicator Suffice it to say that this 
kidney extract hydrolyzed benzoylargmmamide to some extent, but the 
enzymatic component mdicated by this hydrolysis cannot be identical with 
the enzyme, renm, for reasons discussed below 

The data reported m Table I can also be used for semiquantitative anal- 
ysis Smce the proteolytic coefficient ((7), % e the reaction constant divided 
by the enzyme concentration (m mg of N per cc ) represents a direct meas- 
ure of activity, it also becomes a measure of purity for the enzyme prep- 
aration The purest sample will give the highest proteolytic coefficient 
Although the C values m Table I are not stnctly comparable to similar values 
reported by other mvestigators because of some differences m mcubation 
temperature, we can, nevertheless, conclude that, with the exception of leucyl- 
or ammopeptidase, none of the cathepsms mdicated m the last column has 
been punfied or its lelative concentration mcreased when our swme kidney 
extracts are compared with those of Fruton, Irvmg, and Bergmann (16) 
Theyreportedvalues ofO 034forthehydrolysis of carbobenzoxyglycylphenyl- 
alanme (carboxypeptidase, 40®), 0 0032 for carbobenzoxyglutamyltyrosme 
(pepsinase, 25°), and 0 0017 for leucylglycme (ammopeptidases, 40°) Al- 
though our values for the hydrolysis of carbobenzoxyglycylphenylalanme by 
carboxypeptidase are not stnctly comparable to those of Fruton, Irvmg, and 
Bergmann, smce these authors used cysteme activation to enhance the 
activity of the enzyme, a decrease m pepsmase activity and an mcrease m 
ammopeptidase are mdicated Yet the renm activity of the sample was 
at its maximum 

The fact that the catheptie activity of our renm preparation (per mg 
of N) had decreased, when compared to a crude salme extract of kidney, 
cannot be mterpreted as evidence that renm differs m its action from all 
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known mtracellular proteinases The statement that remn activity had 
been mcreased by the purification procedure outlined in the expenmental 
part must not be taken at its face value, for it refers to apparent activity 
only If, for the sake of the argument, renm activity is attnbuted to pep- 
smase, and angiotonase activity to carboxypeptidase, it may well be that 
the ongmai salme extract had so great a concentration of angiotonase 
(carboxypeptidase) that the renm (pepsmase) activity could not be demon- 
strated at all, but may have been present m very much greater concen- 
tration than IS evident from the data m Table I It is only when the 
ratio of angiotonase to renm activity is 1 5 or less that renm can be ac- 
curately determmed by measurement of the first order reaction constant (7) 
The fact that carboxypeptidase concentration is many times greater 
than the concentration of pepsmase is of httle importance m reference to 
the aforementioned possible relation of renm and angiotonase, smce the 
magmtude of G is dependent not only on the enzyme but also the sub- 
strate Pepsmase hydrolyzes carbobenzoxy-Z-glutamyl-l-tyrosme veiy 
slowly but may act on renm substrate sufficiently fast to overshadow the 
secondary action of carboxypeptidase on angiotonm 
Still another deduction can be made from the data m Table I The 
most sensitive characteristic of such an enzyme seems to be the consistent 
ratio of proteolytic coefficients for two substrates which differ only with 
respect to 1 ammo acid residue Fruton, Irvmg, and Bergmann showed 
that pepsmases hydrolyze tyrosme-contaimng compounds approximately 
twice as fast as the correspondmg phenylalanme substrates (16) This is 
obviously not true for crude remn samples such as the one employed for the 
experiments summanzed m Table I When it is recalled that carboxy- 
peptidase hydrolyzes carbobenzoxy-l-glutamyl-Z-phenylalanme faster than 
the tyrosme compound (16), it becomes clear that if both enzjunes act 
simidtaneously the ratio cannot be consistent for either enzyme 
As outhned above, the fact that carbobenzoxyglycyl-Z-phenylalanme is 
hydrolyzed qmte rapidly is sufficient evidence for the statement that car- 
boxypeptidase is present, but for a qualitative demonstration of the 
presence of pepsmase the former enzyme must be removed entirely 
Fortunately, tbis can be accomplished by thorough dialysis (16) A com- 
parison of the enzjunatic characteristics of the ongmai sample and one 
which had been dialyzed for 72 hours agamst distilled water is given m 
Table II Carboxypeptidase activity had decreased approximately 100 
tunes, while the proteol 3 dic coefficient for carbobenzoxy-Z-glutamyW-ty- 
rosme (which mcludes both carboxypeptidase and pepsmase activity) had 
decreased to about one-sixth of its former value Smce the proteolytic 
coefficient for the hydrolysis of carbobenzoxyglycyl-Z-phenylalamne appears 
to be many times greater than the coefficient for carbobenzoxy-i-glutamyl- 
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Z-tyrosine for carboxypeptidase action (19), it is difficult to escape the con- 
clusion that the hydrolysis of the latter substrate by the dialyzed material 
is due almost exclusively to pepsinase 
It now remains to be shown that the dialyzed material is homogeneous 
with respect to pepsmase activity This becomes evident from the data 


Table II 

Ehmxnahon of Carboxypeptidase Component by Dialysis 



C*xio» 

Preparation A 

Preparation B 

Carbobenzoxyglycyl-l phenylnlamnef 
Carbobenzoxy-1 glutamyl 1 tyrosinet 

13 02 

10 8 

1 0 14 

1 50 


Preparation A was made according to the general directions reported in an earher 
publication (7) This was dialyzed for an additional 72 hours against distilled water, 
the euglobulins being removed by centrifugation Preparation B represents the 
supernatant from this centrifugation, pH 5 3 

• C — =■ — log — ^ 

mg N per cc test solution t a — x 

t Temperature 37° 
i Temperature 30° 


Table III 


Demonstration of Enzymatic Component, Pepsmase, in Renin Preparations 



1 

N 

1 

K 1 

Cl 

^CGluT 

‘-CGIuP 

Carbobenzoxy-l glutamyl 1 tyrosine 
Carbobenzoxy 1 glutamyl C phenylalanine 

0 666 

0 666 

0 00036 

0 000165 

0 00054 

0 00025 

2 16 


The acidity was maintained at pH 5 3 by means of 0 1 n citrate buffer Incubation 
temperature 30° The enzyme solution employed was the same as Preparation B, 
Table II 




K 

mg N per oc test solution 


reported m Table III The value of 2 16 for the proteolytic quotient 
(activity ratio) identifies its major component as swme kidney pepsmase 
The reciprocal of this quotient nas reported to be 0 50 by Fruton, Irvmg, 
and Bergmann (16) 

Smce prolonged dialysis did not seem to decrease the ream activity, and 
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since we were unable to determine pepsinase activity accurately in the 
startmg matenal, our attention was focused on attempts to separate or 
correlate these two activities in the dialyzed sample The fractionation 
procedure most frequently employed m the purification of remn seems to 
be its precipitation with acetone from aqueous or salme extracts of kidney 
Examination of Table TV reveals a very large decrease m remn activity 
upon repeated precipitation with this solvent but also a correspondmg 
decrease of pepsmase activity The quotient Crs/Ccgiut had changed 
but shghtly, and the variation 18 5 X 10^ to 19 4 X 10* is ivithm the limits 
of the experimental error When the acetone-precipitated matenal was 
allowed to stand m the ice box for several weeks, pepsmase activity de- 
creased to less than one-half its former value, while the remn activity re- 
mamed unchanged The nse m the value of the proteolytic quotient from 



lat pptn with acetone (paeudoglobulin) 
2nd “ “ “ “ 

Same matenal after standing at5°for3 wks 


C* X 10* 
CarbobeuoiO^ 
glutamyl 
tyrosme 

(CGluT)t 

c 

Renm 

substrate 

tRS)t 

4 8 

93 

2 3 

43 

1 12 

43 


mg N per co teat solution 
t pH 5 3, incubation temperature 30' 
t pH 6 5, mcubation temperature 30' 


— 1 . o 

K •“ —log 

( a — X 



18 5 X 10 * to 38 0 X 10 * is no longer mthm the experimental error of the 
method and mdicated that a fractional mactivation of pepsmase had taken 
place 

In regard to methods for purification of remn, it becomes evident that 
repeated acetone precipitation is not desirable because of the large loss of 
remn activity, nor can enzymatic homogeneity be attained by this treat- 
ment Trypsmase activity becomes entirely suppressed ivith and without 
cj’steme activation, and ammopeptidase activity was not followed durmg 
these acetone precipitations but it would be safe to say that it will be re- 
tamed with httle or no loss, smce leucylpeptidase at least can be purified 
bj repeated precipitation with acetone (21) 

A number of related phenomena may be pomted out The mam argu- 
ment for the identity of remn and pepsmase activity appears to be that 
cryatallme pepsm can be substituted for renm, suggestmg that their mode 
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of actjoR IS similai , since pepsin and intracellular pepsinase are homospe- 
cific, this should also be true for renin and pepsinase Against this concept 
the following three objections may be raised 

1 Intracellular swme kidney pepsmase appears to be a heat-sensitive 
enzyme which is rapidly mactivated at temperatures above 30°, while 
remn can be exposed to 40° without appreciable loss of remn activity 

2 Prolonged standmg at 5° causes considerable loss of pepsmase activ- 
ity but renm activity remams unchanged , 

3 Pepsm causes mactivation of angiotonm (22) probably by hydrolysis 
of a peptide linkage sensitive to it This inactivation can be demonstrated 
m two ways (o) by incubation of angiotonm with pepsm and (&) by in- 
cubatmg pepsm with remn substrate for a prolonged penod of time, which 
causes a significant decrease m the yield of pressor substance Intracell- 
ular pepsinases which are homospecific when compared to pepsm must be 
expected to exert the same action on angiotonm as well as to show a de- 
crease m the yield of pressor substance when mcubated with remn substrate 
for excessive periods, yet it is well known that renm samples can be pre- 
pared, which are entirely devoid of angiotonase activity 

The evidence presented above therefore mdicates that remn and pep- 
smase activity must be attributed to different chemical entities, which, 
although not identical, may be homospecific This possibihty becomes 
even more probable when it is remembered that pepsm, shown to be homo- 
specific with pepsmase, can be substituted for remn m the preparation of 
a pressor substance which is similar to angiotonm (4) The vahdity of 
this concept can be tested by comparmg the action of renm and pepsmase 
upon the same substrate and mterpretmg the data m the light of Berg- 
mann’s specificity concept 

If Bergmann’s defimtion of the proteolytic coefficient (6) is correct, it 
follows that the ratio of proteolytic coefficients for two homospecific en- 
zymes when the same substrate is used must be a constant Usmg the sym- 
bols (7 a and Ca for the coefficients of enzymes I and II actmg upon sub- 
strate A, we obtam the ratio 




(pg)l(a b r) ^ (pj)i 
(p^lnfo 6 r) (ps)n 


= constant 


( 1 ) 


Thus, for any smgle substrate, smtable for hydrolysis by the class of homo- 
specific enzymes under mvestigation, the ratio of the proteolytic coefficients 
must be same Bergmann and his associates have demonstrated the 
correctness of this extended concept The ratio of the C values for pan- 
creatic carboxypeptidase and swme kidney carboxypeptidase when carbo- 
benzoxyglycyl-Z-phenylalanme (CGlyP) is used is 
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CSSFyP 

„8KGP 

t-CGlyP 


6570 

34 


193 


aEd the same ratio foi carbobenzoxyglycyl-I-tyrosme (CGlyT) 


36M 

19 


190 


The values agree mthm the experimental erioi of the method (5, 15) 

If rerun and pepsm and, by inference, renm and pepsmase are homo- 
specific enzymes, the same conditions must prevad provided a suitable 
peptide IS used as substrate The two enzymes to be considered are renm 
and pepsm both acting on remn substrate and both hydrolyzmg carboben- 
zoxy-Z-glutamyl-Z-tyrosme If the proteolytic coefficients for remn and 
pepsm on renm substrate are Crs and Crs and the coefficients for the same 
enzymes on carbobenzoxy-Z-glutamyl-Z-tyrosme are Ccgiut C'cgiuT; it 
follows from the theory that 

cSs ^ <7 §giuT (2) 

C5s dSciuT 

If this condition is not met, the two enzymes under consideration are not 
homospecific and it must be concluded that they would occupy different 
places m the scheme of classification suggested by Bergmann and Fruton 

( 5 ) 

It must be pomted out that the numerical value of the proteolytic coef- 
ficient IS of little use without specification of the pH at which thehydrolysis 
took place The effectiv eness, that is the proteolytic coefficient, of a cer- 
tam enzyme preparation vanes with the pH of the medium, usually exhibit- 
mg one or two maxima at pH values characteristic of both enzyme and 
substrate For most intracellular protemases, the pH maximum is around 
5 0 or 5 4, with httle or no vanation when different synthetic substrates 
are used, but with pepsm the maximum coefficient vanes widely ivith pH 
and substrate The hydrolysis of carbobenzoxy-Z-glutamyl-Z-tyrosme by 
pepsm has a maximum at pH 4 0, while carbobenzoxy-Z-glutamyl-Z-phen- 
ylalanme is maximally hydrolyzed at pH 4 5 (20) A proteolytic quotient 
Ccgiut/CcgiuP of 0 5 is a characteristic of all pepsmases but appears to be 
true for pepsm at pH 4 0 only Intracellular pepsmases and pepsm are, 
therefore, homospecific if the quotient for pepsm is determmed at pH 4 0, 
which happens to be the optimum pH value for the hydrolysis of carboben- 
zoxy-Z-glutamyl-Z-tyrosme by this enzyme 

To illustrate the change of this quotient at different pH values, we awe 
followed the course of the hydrolysis of these two characteristic substrates 
under the influence of pepsm at pH 4 1 and 5 3 The data present in 
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Table V illustrate the complete reversal of the quotient at pH values other 
than 4 1 

Reahzing the significance of the factors involved m the specificity con- 
cept, we return to Equation 2 The question now arises, which value of 
the proteolytic coefficient should be substituted in this equation m order 
to yield significant results which can be mterpreted as proving hetero- 
or homospecificity of renin and pepsm’ 

It must be evident from the above discussion, especially from the example 
of pepsmase and pepsm, that for correct apphcation of Equation 2 the pH 
v'alue at which the proteolydic coefficient should be determined must be 
the one at which the correct quotient is obtamed For renm samples (pep- 
smase activ ity) pH 5 3 was found to jueld a satisfactory ratio of 



Fig 1 Proteolytic coefficients (C^g) for the formation of pepsitensin from remn 
Bubstrate and crystalline pepsin plotted against the pH of the incubation mixture 
The \alues were determined in the same manner as described for remn (7) 

CcGiux/f^cGiuFj while, for the determmation of Crs, the optimum hy- 
droly SIS was reported as at pH 6 5 by Plentl, Page, and Davis (23) The 
proteolytic coefficient for carhobenzoxj-l-glutamyl-?-tyrosine and pepsm 
must he determmed at pH 4 1 for reasons diseussed above, but no theo- 
retical deductions can be made as to the pH vmlue at vthich should be 
determmed The determmation of the proteolytic coefficients oter the 
whole pH range seemed mdicated and these are given m Fig 1, where Chs 
IS plotted against the pH of the reaction mixture 

Smce pepsm destroys angiotonm as well as pepsitensm, it must he as- 
sumed that the over-all picture of pepsitensm formation from renm sub- 
strate and pepsm consists of two consecutive reactions, m pnncipJe 
analogous to the mechanism of angiotonm formation when crude kidney 
ex-tracts are used as enzyme In an earlier paper (7) w e analj zed this t vpe 
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of reaction mechanism from a kmetic pomt of view and have shown how 
such an analysis can be utihzed for the determmation of both enzyme 
activities, despite the fact that they are m competition with each other 
Pepsm mcorporates both enzyme activities, * e , for each of the consecutive 
reactions, it acts on a different substrate 


Remn substrate 


JL, 


pressor substance 


h 


vaso-inactive substance 


The two reaction constants, ki and fe, divided by the pepsm concentration 
m mg of N per cc of test solution, will give the proteolytic coefficients 
Crs and Cpr respectively The determmation of the two reaction con- 
stants 13 difficult and tedious, so that whenever possible a simplification of 
the method is applied If fe is very small, ki can be detemuned by appli- 
cation of first order reaction kmetics, provided the mcubation tunes are 
sufficiently short 

It soon became apparent that the 3 neld of pressor substance did not 
decrease very much on prolonged mcubation of the remn substrate-pepsm 
mixture, suggestmg that the angiotonase or pepsitensmase activity is very 
small Crs was therefore deterramed accordmg to the method for the 
detemunation of angiotonase-free rerun (7) 

Another condition for the vahdity of Equation 2 is the identity of the 
enzyme preparation employed for the determmation of each of the co- 
efficients Smce IV e have used crystalhne pepsm, the coefficients Crs 
C cGiuT represent absolute values, which is not true for the analogous 
coefficients when remn is used as the enzyme Havmg demonstrated that 
fractional denaturation of kidney extracts may result m loss of pepsmase 
activity without a correspondmg loss of renm and knowmg that there are 
a large number of mtracellular enzymes present m such tissue extracts, 
we focus our attention on just three of them, two homospecific pepsmases 
and renm The question to be decided is whether one of the pepsmases 
IS identical with renm oi whether there are really three distmct enzymes 
present The fact that rerun is not identical with one of the pepsmases does 
not necessarily exclude identity with the other It seems that as the pepsm- 
ase activity decreases it reaches a certain value which cannot be lowered 
without correspondmg loss of remn activity, t e , the quotient Crs/ CcgiuT 
does not change with further fractionation and the sample is therefore 
homogeneous with respect to these two activities We can assume that 
a remn preparation which gives this characteristic quotient will be free of 
one of the pepsmases, and this is the sample that must be used for the de- 
temunation of the coefficients m Equation 2 A renm preparation sat- 
isfjnng these requirements gave a proteolytic coefficient of 43 for Crs and 
1 12 X 1(H for CcGiuT 
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Examination of Fig 1 reveals tEat Ohs has one maximum at about pH 
4 5 Takmg the Crb at pH 4 5 as 16 0 and substitutmg this value m Equa- 
tion 2 together with the value for Crb derived above, we obtam 




(3) 


The theory demands that this value must be equal to the ratio of the pro- 
teolytic coefficients of carbobenzoxy-f-glutamyl-f-tyrosme when this is 


Table V 


Action of Crystalline Pepsin on Carbobenzoxy I glutamyl I tyrosine and 
Carbobenzoxy I glutamyl l-phenylalanine at Different pH Values 
Citrate bufiFera were uaed to maintain the pH at the desired value Incubation 
temperature 30“ 



pH 

Pepsin N 
percc test 
solution 

1 

X- 

ct 

H 



mi 




CarbobenzQxy-1 glutamyl-1 tyro 

4 1 

0 892 

0 000213 

0 000239 


sme 


1 158 

0 000488 

0 000205 


Carbobenzoxy 1 glutamyl-1 phenyl 

4 1 

0 892 

0 000097 

0 000119 


alamne 


0 892 

0 000102 

0 000116 


Carbobenzoxy-i glutamyl J-tyro- 

6 3 

1 27 

0 0000798 

0 000063 


sme 


1 27 

0 0000710 

0 000061 


Carbobenzoxy-I-glutamyl 1 phenyl- 

6 3 

0 88 

0 000203 

0 00023 


alanine 


1 28 

0 000362 

0 00028 




a 


a — X 


to = 


H 

mg N per co test solution 


hydrolyzed by rerun and pepsm Using the data from Table V for pepsm 
and for remn, the values previously reported, we obtam 

(4) 

CSgIoT 2 26 X 10-* 

This value is not comparable with the one found for Equation 3 and the 
difference is obviously beyond the experimental eri or of the method Slice 
we have taken the maximum value for Crs^ it is evident that fdr different 
pH values of the reaction mixture Equation 3 would yield an even larger 
number for the ratio of the coefficients This would make the suggested 
homospeoificity of renin and pepsmase even less likely 
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It should be pointed out that taking the ma-Minum value of C^s for the 
calculation of the quotient in Equation 3 represents the most favorable 
condition for the attempted demonstration of homospecificity The only 
way m which this ratio could approach the value of Equation 4 would be 
by lowenng the pH for the renm-renm substrate reaction We are not 
justified m domg this Even if it were done, within reasonable limits, 
the quotient for remn substrate would still be several times greater than 
the quotient for carbobenzoxy-f-glutamyl-f-tyrosme Thus, under the most 
favorable circumstances, the possibihty of homospecificity of renm and 
pepsmase is excluded We are, therefore, forced to the conclusion that 
the enzyme, renm, is heterospecific when compared to pepsm or mtracell- 
ular pepsmases 


SUMMARY 

1 A number of typical synthetic substrates were incubated with 
renm preparations The resulting hydrolyses of these substrates 
mdicated the presence of carboxypeptidases, pepsmases, trypsinases, 
and aminopeptidases 

2 Prolonged dialysis of remn preparations against distilled water re- 
sulted m ehmmation of the carbovypeptidase component Precipitation 
of the protem components of the dialyzed rerun preparation ivith acetone 
failed to alter the proteolytic quotient (pepsmase to renm activity) and 
caused at least 50 per cent loss m renm activity with each precipitation 
On prolonged standing of this matensl, the same proteolytic quotient 
mcreased 2-fold, mdicatmg that renm activity of kidney extracts cannot 
be attributed to their pepsmase components 

3 The action of crystalhne pepsm, knoivn to be homospecific with pep- 
smases, and renm was compared, renm substrate and carbobenzoxy-l- 
glutamyl-Z-tjrrosme bemg used as substrates Smce the ratio of the 
proteolytic coefficients of remn and pepsm on renm substrate under the 
most favorable circumstances was found to be many times greater than the 
ratio of the analogous coefficients for carbobenzoxy-Z-glutamyl-Z-tyrosme, 
it was concluded that rerun and swme kidney pepsmase are heterospecific 
enzymes 

The authors are indebted to Mr Fredenc R Van Abeele for the prep- 
aration of the synthetic substrates and to Miss Dons Brown for the 
anal}rtical work and bioassays reported in this paper Mr Robert M 
Sanders and Mr Donald R Grove made the enzyme preparations employed 
m this mvestigation 

Part of the expense of this mvestigation was defrayed by a grant from 
Mr and Mrs C L Bradley 
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In Paper I of this senes (1) we have shown that the ensyniatin component 
of swine kidney responsible foi pepsmase activity is not identical with the 
enzyme renm This was deraonstiated by fractional denaturation of pep- 
sinase, leaving the renm activity of the sample practically unaltered Smce 
fractional denaturation does not necessanly exclude homospecificity of the 
two or more enzymes undei mvestigation, we have ehmmated this pos- 
sibihty by comparmg the action of crystallme pepsm and renm on the same 
substrates, vtz , carbobenzoxy-f-glutaniyl-Z-tyrosme and rerun substrate 
The latio of the proteolytic coefficients of renm and pepsm on renm sub- 
strate was found to be many times greater than the ratio of these coefficients 
when carbobenzoxy-f-glutamyl-f-tyrosme is used as substrate For two 
homospecific enzymes this ratio is a characteristic constant, from which it 
foUons that renm and kidney pepsmase arc neither identical nor 
homospecific 

Two enzymes may exhibit widely different charactenstica, t e , appear 
heterospecific m their behavioi towards a number of synthetic substrates 
of known stmcture, and yet produce the same split-products when allowed 
to act on them Remn and pepsmase or renm and pepsm, although hetero- 
specific in their proteolytic behavior, may still give rise to the same 
physiologically active substance Although phairnacological evidence 
presented by Alonso, Croxatto, and Croxatto (2) suggested identity of pep- 
sitensm and angiotonin, comincmg chemical evidence to that effect is 
lackmg 

Smce pepsitensm is inactn ated by pepsin (2, 3), a quantitam e study 
of the course of this reaction similar to our investigation of the action of 
pepsm and other crystallme proteolytic enzymes on angiotomn (4) might 
aid m deciding whether angiotonm and pepsitensin are or are not identical 

Methods and Materials 

Cryslalline Pepsin — This was prepared accordmg to the procedure of 
Northrop (5) A stock solution of this enzyme was made bi dissolving 
4 0 gm of the nearly drj’ material m 100 cc of normal saline The nitrogen 
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content of this solution was determined by micro-Kjeldahl analysis and 
usually was m the range of 5 00 to 5 50 mg of N per cc 

Angiotomn — This material was prepared as previously described (6) 

Rmin Substrate — A fraction of hog serum (1 5 to 2 10 m ammomum sul- 
fate) was used for this purpose The experimental procedure for the pre- 
paration of this protein fraction was essentially the one descnbed by Plentl, 
Page, and Davis (7) A concentrated solution (5 to 10 per cent) was 
thoroughly dialyzed agamst tap water, distilled water, and normal saline 
It was then diluted to contam 2 0 per cent of total protem as determmed 
by the biuret method of ICmgsley (8) 

Pepsitensin — solution of renin substrate was adjusted to pH 5 8 with 
dilute sulfunc acid and mcubated with crystalhne pepsm for 10 nunutes 
at 30° 700 mg of crystalhne pepsm were used per hter of rerun substrate 

The pH of the solutidn usually dropped slightly durmg the mcubation 
After the required length of time, the temperature was rapidly raised to 
95° and kept at this temperature for at least 15 mmutes The coagulated 
proteins were removed by filtration through coarse filter paper and the 
clear filtrate was concentrated under reduced pressure This concentrated 
solution usually contamed some denatured proteins which were removed 
by two or three filtrations through a Seitz pad The final preparation was 
a pale yellow solution similar m appearance to the usual angiotomn samples 
For reasons of convemence, the solutions were standardized to exhibit 
approximately the same pressor strength as our standard angiotomn Such 
a standard preparation raised the arterial pressure of a pithed cat 50 to 
60 mm of Hg upon mtravenous mjection of 01 cc of pepsitensm 
or angiotomn 

Incubation — The determmation of the reaction constant was earned out 
as previously descnbed for the detenmnation of angiotonase (9) The pH 
of all solutions, i e angiotomn, pepsitensm, pepsm, and normal sahne, was 
adjusted with hydrochlonc acid or spdium hydroxide to the desired value be- 
fore they were mixed 1 0 cc of the substrate (pepsitensm or angiotomn) 
was diluted to 4 0 cc with normal sahne and placed m a constant tempera- 
ture bath at 30° for at least 20 mmutes 1 cc of the pepsm solution, di- 
luted to contam the desired amount of enzyme, was then added, and the 
solutions were thoroughly nuxed and mcubated for a defimte length of tune, 
usually rangmg from 5 to 60 mmutes The reaction was stopped by ad- 
justmg the pH of the solution to 5 5 and immediately immersmg the vessel 
m a beaker of boilmg water After removal of the coagulated proteins by 
filtration through coarse papei, the clear filtrate was assayed for its pressor 
strength by mtravenous mjection into a pithed cat Comparison with a 
control (without enzvme) gave the percentage of angiotomn or pepsitensm 
destroyed 
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First order reaction constants were calculated according to the equation 

X = 

t 100 — % destruction 

and the proteolytic coefficient C was obtained by dividing the reaction 
constant by the concentration of the enz3Tne expressed in mg. of N per cc 
of test solution Proteolytic coefficients referrmg to angiotonm as substrate 
are designated as Ca, while those obtained with pepsitensin appear as Cpr 

Tabcb I 

Comparison of Action of Pepsin on Pepsitensin and Angiolonin at pH 4 6 


No buffer was used but all solutions were adjusted to this pH before being maxed 
The factor F is tbe ratio of blood pressure rise obtained with the sample to the blood 
pressure rise obtained with the control Incubation temperature 30“ 


Substrate 

IncubatiOE 

time 

P 

Pepsm N per 
cc test 
solution 

K 

Ct 


mtn 

1 

»r , 



Angiotonm 

20 

0 23 

mmm 

0 063 

0 89 


60 

0 





25 

0 29 

0 053 

0 048 

0 91 


40 

0 17 

0 053 

0 042 

0 80 

Average 

0 87 

Pepsitensin 

30 

0 70 


0 0118 

0 066 


60 

0 53 


0 0107 

0 060 


20 

0 68 


0 0184 



30 

0 60 

■IH 

0 0175 



45 

0 43 

0 356 

0 0185 

IH 

Average 

0 056 


.,, 23 , 100 

A = loffio 

t 100 — % destruction 


mg pepsin N per cc test solution 

The results of a comparison of pepsitensm and angiotonm under identical 
conditions appear m Table I Both substrates were acted upon by the 
same pepsm sample at the same pH (4 50) and ivith the same test animal 
In all other instances, the results of which are recorded graphically m Fig 1, 
different test animals and various preparations of crystallme pepsin were 
used 


DISCUSSION 

The question of identity or non-identity of these two substances deserves 
considerable attention because of a number of implications which have an 
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important bearmg upon the structure of angiotonm For example the 
mactivation of angiotonm by chymotrypsm (4) can beat be explamed by 
assuming that the angiotonm molecule contains at least 1 aromatic ammo 
acid residue m a termmal position, t e contributmg one of the free ammo 
groups, and that chymotrypsm acts as an exopeptidase (ammopeptidase) 
rather than an endopeptidase If an enzyme with the characteristics of a 
pepsmase (pepsin or swme kidney pepsmase) can form angiotonm from a 
specific globulin, this globulm must be assumed to contam at least one pep- 
tide linkage composed of an acid and aromatic ammo acid residue where 
that portion contammg the aromatic ammo acid radical constitutes the 



3 4 S ff 

pH 


Fio 1 Proteolytic coeBicieats for the reaction of crystalline pepsin on pepsitensin 
and angiotonm as a function of pH The incubation temperature in all the expen 
ments was 30° The hydrogen ion concentration was maintained at the values 
indicated by the use of citrate buffers 

angiotonm molecule Hydrolysis of this linkage results m the formation 
of angiotonm (and pepsitensm) and an mactive pol 3 'peptide If the two 
pressor substances angiotonm and pepsitensm are identical, the hypothesis 
of a termmal aromatic ammo acid radical finds one more piece of supportmg 
evidence If they prove to be different substances, the hypothesis of a 
termmal aromatic ammo acid residue cannot be dismissed until further 
evidence to the contrary can be furnished 
Two heterospecific enzymes may spht the same substrate on the same 
sensitu e peptide bond, givmg nse to the same products It is conceivable 
that the action of renm and pepsmase (or pepsm) on renm substrate maj 
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produce the same pressor substances, angiotomn and pepsitensm, and the 
demonstration of the heterospecificity of renin and pepsmase (1) is therefore 
of little help if it IS to be decided whether or not angiotonm and pepsitensin 
are identical 

The two substances show no difference m their pharmacological behavior, 
as demonstrated by Alonso, Croxatto, and Croxatto (2) Their experi- 
ments mdicate that qualitatively the pressor action of pepsitensm and 
angiotomn is the same and that both are destroyed by trypsm, tyrosmase, 
ammo oxidase, “renal hypertensmase,” and crystallme pepsm Braun- 
Menendez, Fasciolo, Leloir, Munoz, and Taqumi stated m a recent article 
(10) that pepsitensm and angiotomn are closely related substances but are 
not identical They based their conclusion on the observation that angio- 
tonm IS mactivated by “hypertensmase” prepared from red blood cells, 
while pepsitensm appears to be resistant to this enzyme 
We have earned out a number of prehmmary experiments m an attempt 
to show some difference m their chemical behavior but all general color re- 
actions usually associated with angiotomn preparations, e g Sakaguchi’s or 
Paul\ 's reaction, are also given by pepsitensm with approximately the same 
mtensity Neither of these tno reactions has so far been demonstrated to 
depend solely upon the angiotomn molecule because of the lack of a chemi- 
cally pure substance Most preparations contam free ammo acids (5) and 
a positive Sakaguchi reaction may therefore be wholly or m part attnbuted 
to free argmme, while Pauly’s reaction may be associated with histidme, 
imidazole-containmg compounds, or aporrhegmas of histidme It, there- 
fore, became apparent that to settle the question of identity or non-identity 
of pepsitensm and angiotomn a careful quantitative study seems mdicated 
Smee both substances are destroyed by prolonged action of proteolytic 
enzymes upon them, we thought a comparison of the rate constants might 
give the desired information The proteolytic coeflicient is the product of 
two factors, one of which is characteristic of the enzyme and the other a 
function of the substrate If, therefore, the same enzyme preparation is 
used on both substrates and if these substrates are identical, the proteolytic 
coefficient of the two reactions must be identical over the nhole pH range 
The experimental data m Table I and Fig 1 demonstrate a distmct differ- 
ence m the rate of mactivation of pepsitensm and angiotonm 
The effective pH range for both experiments was assumed to be from pH 
3 0 to 6 5, these limits were detennmed by the stabihty of the substrate 
and the enzyme Pepsm loses some of its activity above pH 6 0 (5), nhile 
angiotomn seems to be slowly inactivated below pH 3 0 The proteolytic 
coefficients for pH values above 6 0 are therefore only mdicative and should 
not be rehed upon for the reasons given 
Another characteristic feature of both substrate and enzjme is the pH 
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value at which the proteolytic coeflScient is a maxuuum Bi oadly speaking, 
the optimum pH for the hydrolysis of peptides by pepsm is somewhere be- 
tween 2 0 and 5 0, whereas this value can be narrowed to a range of 4 0 to 
4 5 for most peptides of knoivn structure In a previous pubhcation (4), we 
reported this maximum for angiotonm to be about 5 5, which on more care- 
ful exanimation appears to be somewhat too high Our present data for 
pepsitensm at vanous pH values mdicate two maxima, one at about pH 5 5 
and the other below 3 5 This findmg does not represent an unusual phe- 
nomenon, for similar mstances are recorded m the hterature The fact 
th^t pepsitensm exhibits two pH maxima cannot be assumed to have any 
bearmg upon the substrate structure This phenomenon and its mter- 
pretation are not well understood and, like the magmtude of the proteolytic 
I'Bcient, appear to be a characteristic of both enzyme and substrate (11) 
jLiofmann and Bergmann (12) found benzoylargininamide to show one 
maximum when hydrolyzed by ciystallme trypsm and Rocha e Silva and 
Andrade (13) showed that the same substrate had two maxima when acted 
upon by papam trypsmase 

Thus, pepsitensm and angiotonm differ, not only m their resistance to 
peptic hydrolysis m a quantitative way, but also show a qualitative differ- 
ence m regard to the optimum acidity for such a hydrolysis 
Smce both pressor substances are hydrolyzed or mactivated by crystalline 
pepsm, pepsitensm as well as angiotonm must contam the requisite number 
and arrangement of ammo acids The sensitivity of a peptide bond to- 
wards peptic hydrolysis seems to be dependent upon a free carboxyl, t e , 
a dicarboxyhc ammo acid such as glutamic or aspartic acid m combmation 
ivith an aromatic ammo acid such as tyrosme or phenylalanme (14) Smce 
pepsm is an endopeptidase and as such mactivates pepsitensm, the requisite 
dipeptide moiety must be located m the center of the molecule, i e , at least 
the dicarboxyhc ammo acid must have its ammo group mvolved m a pep- 
tide linkage Although the speed of hydrolysis of pepsitensm is consider- 
ably lower than that of angiotonm by the same enzyme, it is, nevertheless, 
about 5000 tunes as fast as the hydrolysis of carbobenzoxy-Z-glutamyl l- 
tyrosme The latter represents a typical pepsm substrate commonly 
employed for the measurement of peptic activity 
Since it was demonstrated that the two substances are not identical, 
a further rmphcation folloivs which may be of mterest Since kidney pep- 
smase and pepsm are homospecific enzymes and smce the product of peptic 
hydrolysis differs m its chemical constitution from angiotonm, it follows 
that the action of kidney or spleen pepsmase upon renm substrate should 
result m the formation of pepsitensm and not angiotonm Crude kidney 
extract if employed as a source of renm will, therefore, produce a mixture 
of pepsitensm and angiotonm Smce the pepsmase content of such a mix- 
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ture IS usually very small, the amount of pepsitensm produced will be almost 
negligible when compared to that of angiotonm To furnish experimental 
evidence for this hypothesis would be difBcult at the present time, for kidney 
pepsmase is not known m chemically or enzymatically homogeneous form 
Such preparations, if at all free of remn, contam unduly large amounts of 
aminopeptidase and trypsmases, both of which mactivate the product so 
efficiently that its presence cannot be demonstrated 

Regardmg the nature of the difference between angiotonm and pepsiten- 
sin, no defimte conclusion can be drawn at the present time Both sub- 
stances are probably polypeptides, diffenng m the number rather than m 
the nature of the ammo acid residues of which they are composed 

SUMMARY 

Smce remn and kidney pepsmase are not homospecific enzymes, the 
identity of pepsitensm and angiotonm appears questionable Pepsitensm 
and angiotonm were both found to be inactivated when mcubated with 
■varied amounts of crystalhne pepsm, but showed a distmct difference m 
the magmtude of the proteolytic coefficients as well as the hydrogen ion 
optima for these reactions Further, with pepsitensm as substrate two 
hydrogen ion optima were obtamed, one at pH 5 5 and the other below pH 
3 5, while only one such optimum could be demonstrated ■with angiotonm 
It was concluded that, although angiotonm is very much more rapidlj 
inactivated by pepsm than pepsitensm, both substances contam a similar 
arrangement of ammo acids favorable for peptic hydrolysis Pepsitensm 
and angiotonm are not identical and probably differ m the number, rather 
than m the nature, of ammo acids residues of which they are composed 

The authors are mdebted to Mr Donald R Grove and Mr Robert M 
Sanders for their assistance m the preparation of the enzymes, pepsitensm 
and angiotonm Miss Dons Brown performed the analytic work and 
bioassays 

Part of the expense of this mvestigation was defrayed by a grant from 
Mr and Mrs C L Bradley 
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THE THROMBOPL A.STIC ACTIVITY OF TISSUE PHOSPHATIDES* 
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It has long been knotra that tissue cells contain an agent nhich by con- 
verting prothrombin to thrombm initiates the process of blood coagulation 
This factor, or better, these factors, known by a multiplicity of names, 
have been described bv their several rediscoverers as either (a) thermolabile 
and soluble m water (1-4), or (6) thermostable and soluble m alcohol and 
ether (5) The mnumerable controversies between the adherents of these 
two groups were finally resoh ed by the recognition that both were nght 

For a discussion of the water-soluble factor, the thromboplastic protem, 
reference may be made to previous publications from this laboratory (6, 7) 
The agent soluble in organic solvents was recognized to be associated with 
the phosphatides (8-11) and, more particularly, ivith the cephahn fraction 
(10, 12) of animal tissues Plants, and even microorganisms, appear to 
eontam similar substances (13) Later m\ estigations of the thromboplastic 
hpids (14-16) confirmed their association with the crude cephalin fraction, 
but the sigmficant findmg was made (14) that the active agent could be 
extracted from the cephalm preparations by means of alcohol Durmg 
an mvestigation of the phosphatides isolated from blood platelets it was 
furthermore observed that the fractionation of the active cephahn fraction 
by means of alcohol resulted m the accumulation of most of the activity 
m the alcohohe mother liquors (13) Essentially similar results were ob- 
tamed m a studj of the phosphatides con tamed m prepaiations of the 
thromboplastic protem from beef lungs (17) 

All these findmgs seived to throw considerable doubt on the conception 
that the thromboplastic hpid was identical with the phosphatide tradi- 
tionally termed cephalm, viz ethanolaimne phosphoryl diglycende, and, 
with the discov ery of the complex naluie of bram cephahn (18, 19) and of 
other tissue phosphatides (20), the question of the identitj of the active 
hpid once more became open 

The purpose of the study presented here was twofold One of its ob- 
]ecti\es was to ascertam whether anj of the better characterized com- 
ponents of tissue cephalm were responsible for the thromboplastic effect 

* This work has been supported by a grant from the John and JVIarj R jMarkle 
Foundation Thia is Paper XVII of a senes of studies on the chemistrj of blood 
coagulation 
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This point may be considered settled with respect to phosphatidyl senne 
which, m its purified state, was found completely devoid of thromboplastic 
activity As regards ethanolamme phosphoryl diglycende, for which, m 
the opmion of this author, the term cephalm ought to be reserved, it is 
much more difBcult to arrive at a definite statement All that can be said 
at present is that purified preparations from beef bram contammg a large 
proportion of this phosphatide exhibit a thromboplastic activity corre- 
spondmg to +-r+ (compare the explanation m Table I) But m view of 
the elusive nature of the thromboplastic lipids and of the much higher 
potency of some of the hpid fractions isolated from heart muscle, which will 
be discussed later, it is felt that the activity of beef bram cephalm may well 
be due to impurities 

The second task consisted m the exploration of methods that, with the 
guidance of actmty measurements, would lead to the concentration of the 
active fraction It mvolved an expedition mto the underbrush of phospha- 
tide chemistry, which was far from mvitmg, smce it was soon found that 
the activity usually went writh the least pure phosphatide fractions which 
showed the greatest deviation from the analytical axpectations It is 
not unlikely that the clotting activator (its hpid nature can by no means 
yet be affirmed) was present m a small concentration m even the most 
potent hpid preparations 

The experiments here described were carried out with phosphatide 
preparations isolated from pig heart, which yielded the most potent 
material, from beef heart, and beef bram An inspection of the charac- 
teristics of the thromboplastically most active hpid samples encountered 
(Fractions 5, 8, and 9 m Table I, Fraction 4 m Table III, Fractions 7 and 
8 m Table IV) shows them to have one property m common, namely, a 
remarkable solubihty m absolute alcohol It was necessary to freeze 
the alcohohc solutions, m some cases to —60°, m order to precipitate the 
active fractions The analytical composition of the numerous hpid frac- 
tions exammed failed to afford a clue to the nature of the thromboplastic 
lipids Fractions 8 and 9 from pig heart (Table I), the most potent 
preparations encountered m this work, had an anomalously high mtrogen 
content, but this was not true of other, although less active, fractions It 
proved equally imavaihng to use the ammo mtrogen contents or the lodme 
values as a gmde 

In view of the solubiht3'’ properties of the active hpids, it is curious that 
the thromhoplastic actmtj usually is found m the hpid portion mitially 
msoluble m alcohol, and not m the lecithm fraction which, when sufficiently 
purified, has been repeatedly shown to be mactive (compare (15)) This 
pecuhar association cannot be explamed at present 

It IS hardly necessarj to pomt to the difficulties which confront the 
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investigation of the chemical nature of the thromboplastic hpids At the 
time when cntena of solubihty and a satisfactory analytical composition 
were deemed sufScient for the identification of a phosphatide, the ev 
tremely optimistic identification of the thromboplastic hpid with what then 
was called cephahn was justified But the studies presented m this paper 
show the situation to be considerably more comphcated It will, m a 
continuation of this work, be necessary to extend the examination not 
only to lipids known to be present m heart preparations, such as the acetal 
phosphatides ( 21 ) and cardiolipm ( 22 ), but also to other possible contami- 
nants of which creatme (23, 24) may be mentioned as one example It 
must, moreover, be borne m mmd that any substance that is susceptible 
of phosphorylation m the oiganism may occur, if only m tiaces, m the form 
of a phosphatide 

Discussions of the complex chemical composition of tissue phosphatides, 
especially with regard to heart muscle, will be found m previous pubhca- 
tions (20, 22, 24-28) At this pomt, attention may be drawn to a study, 
mcluded m this article, of the recovenes of phosphorus and mtrogen m the 
hydrolysis of pig heart phosphatides, a discussion of which will be found 
m the expemnental part 

The addition of alcohol to the concentrated petroleum ether extract 
of heart muscle produced the precipitation of a fraction that was almost 
free of mtrogen and phosphorus This obsen ation, already mentioned m a 
previous pubhcation ( 20 ), was repeatedly made m all experiments with pig 
and beef heart discussed here One of these fractions from pig heart was 
purified and exammed m greater detail, it appeai-s to be a tnglycende, 
probably oleodistearm 

In conclusion, attention should be directed to the entirely different 
level of activity of the thromboplastic protem, as compared with the 
active hpids (7) The difference is about 1000 -fold 0 03 7 of the t hrombo- 
plastic protem shows the same clottmg activity as 30 7 of the most potent 
hpid specimens This makes the identity of the two activation mechan- 
isms appear doubtful (Compare the earher discussion ( 6 , 7) ) 

E3CPEB^ME^TAn 
Phosphatides from Pig Hean^ 

The mmced tissue, weighmg 2745 gm , was twice extracted with 2 hter 
portions of acetone The organ powder then was treated with 2 hters of 
petroleum ether (b p 30-60°) for 5 days and this procedure repeated with 

I The organs were m all cases obtained from freshly slaughtered animals and 
worked up without delay with the customary precautions (inert gas atmosphere, 
freshly rectified solvents, storage in the cold, etc ) For the analytical procedures 
used, compare (20) 
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fresh soh ent, followed bj aa extractioa of the residue with 2200 cc of 
absolute alcohol for 21 dajs The dned residue from the extraction 
weighed 523 gm 

Petroleum Ether Extract (Table I) — ^The combmed extracts, concentrated 
to 250 cc and chilled, xielded the insoluble protagon fraction weighing 
10 5 gm The addition ot 5 \ olumes of acetone to the concentrated pe- 
troleum ether supernatants produced a precipitate which was washed with 
ice-cold acetone and dned in vacuo This material was flocculated from its 
suspension m 500 cc of water by the addition of 750 cc of acetone, centn- 
fuged m the cold, washed with acetone, and dned Fraction 1 , 35 4 gm , 
was an almost white stick 3 wax The treatment of a solution of the sub- 
stance m 100 cc of petroleum ether with 400 cc of absolute alcohol resulted 
m the precipitation of Fraction 5, 27 3 gm of a slighth' jellowish powder 
of low N and P content This fraction will be discussed later m this 
section 

The filtrate from Fraction 2 was e\aporated in vacuo and 5 \ olumes 
of acetone were added to the solution of the residue m 35 cc of ether The 
resultmg precipitate. Fraction 3, weighed 4 7 gm and formed a hght brown 
hard paste It may be mentioned that the lodme \ alue of this substance 
drooped wathm 4 weeks from 82 4 to 51 9 and was after 3 more weeks found 
at 41 0 (compare (20)) 

Fraction 3 was subjected to a fractionation from alcohol The clear 
solution of 4 49 gm of this matenal in 60 cc of warm absolute alcohol 
deposited 1 37 gm of Fraction 4 at 0° The alcoholic supernatant was 
chilled to —60° and rapidlj centrifuged m a refngerated angle centnfuge, 
when 0 81 gm of Fraction J was obtamed The mother liquor was 
evaporated, and the residue dissoh ed m petroleum ether and precipitated 
with acetone This gave 1 74 gm of Fraction 6 These substances formed 
brittle brown glasses 

Alcohol Extract (Table 7) — The extract was concentrated in vacuo and 
the residue dissolved m petroleum ether The solution was dried, chilled, 
cleared, and concentrated The addition of 4 volumes of absolute alcohol 
precipitated Fraction 7, 1 9 gm of a yellowish wax The clear alcohohc 
solution of the residue obtamed by the evaporation of the filtrate from 
Fraction 7 deposited Fraction 8 at 0°, weighmg 0 28 gm The chillmg of 
the supernatant to —60° j lelded 2 18 gm of Fraction 9 The thick oil re- 
mammg from the evaporation of the mother hquor was treated with acetone 
at — 60°, and the precipitate centrifuged and w ashed with acetone at — 60°, 
when Frodioa 10 weighmg 5 6 gm was obtamed A portion of the acetone 
supernatant from Fraction 10 yielded on evaporation Fraction 11 All 
compounds formed hght brown hard waxes 

The analytical data are tummanzed m Table I 
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Glyceride Fraction (F raction 2 in Table I ) — The recryataUizatioa of Frac- 
tion 2 from hot absolute alcohol resulted m the deposition of white micro- 
crjatallme needles m a \ield of 91 per cent This matenal was free of 
N, P, and S, melted at 41°, and had the foUowmg composition C 74 6, 
H 11 7, glyceroP (as isopropyl iodide) 9 7, lodme value 26 1 (Required 
for oleodisteann (888 8), C 7G 9, H 12 2, glycerol 10 4, lodme value 28 6, 
mp 42°) 

The saponification of 8 24 gm of this matenal with boilmg 5 per cent 
alcohohe potassium hydroxide resulted m the isolation of 80 mg of un- 
sapomfiable matter and 7 61 gm of fatty acids which were separated m the 


Table I 

Pig Heart Phosphalides 


FracUoa No 

P 

Total N 

N P 

NHfN 

lodme value 

Thromboplastic 

activity* 


per cent 

per cent 


per cent 



1 

0 70 

1 06 


0 44 

40 9 

-f- 

2 

0 23 

0 31 



37 1 

— 

3 

3 79 

1 73 



82 4 

+4- 

4 

3 64 

1 50 




4" 

5 

3 56 

1 06 



82 0 

+++ 

6 

4 03 

1 88 




+ 

7 

3 37 

2 38 

1 4 

1 33 

40 5 

— 

S 

3 06 

3 59 

2 5 

1 52 

73 5 

++++ 

9 

3 51 

2 52 

1 6 


73 6 

H — i — 1 — h 

10 

3 38 

2 72 

1 8 

1 14 

71 4 

— 

11 

2 83 

2 28 

1 8 


79 8 

— 


* The coagulation tests n ere earned out at 30 5° with 0 1 cc of rooster plasma and 
0 03 cc of senal dilutions of the lipids in m/15 phosphate buffer of pH 6 8 — no 

thromboplastic activity -1- clot with 120 y of lipid in more than 40 minutes, + + 
vnthin 30 to 40 minutes, -i — h-t- within 20 to 30 minutes ++++ clot with 30 y of 
lipid within 10 to 20 minutes The normal clotting times of the plasma specimens 
employed were invariably above ISO minutes 

usual manner (lead salts m alcohol) mto 5 73 gm of sohd and 1 17 gm of 
hquid fatty acids The sohd acids, recrystalhzed tmee from methyl 
alcohol, once from ethyl alcohol, and tmee from acetone, yielded 2 35 gm 
of a crystalhne product meltmg at 67°, sohdification pomt 66 The 
mixture of this compound with pure steanc amd (m p 69°) melted at 68 
The eqmvalent weight of this compound (0 05 N alcohohe KOH standard- 
ized with pure pahmtic acid, naphtholphthalem as mdicator) nas 281 6 
(reqmred for CisHmOs, 284 5) 

Nitrogen and Phosphorus Balance {Table II) It appeared of mterest 
We are indebted to Mr W Saschek for these analyses 
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to follow the reco\eiy of rutiogen and phosphorus from the hydrolysis of 
a representative sample of heart phosphatides For this purpose, a sample 
of mixed phosphatides was used, whose prepaiation from pig- heart has been 
descnbed previously (Preparation 5 m Table I (20)) Thu, material had the 
following composition P 3 70, N 1 58, NH2-N 0 83, ammo acid N 0 11, 
lodme value 86 0 At the time of the hydrolysis the NH.-N value of the 
3 months old sample had dropped to 0 38 per cent (compare (20)) 

For hydrolysis 11 6600 gm of the preparation were lefluxed with 250 
cc of 2 N H2SO4 for 48 hours The aqueous hydrolysate was freed of the 
fatty acids by repeated extraction -with ether, the ether layer was several 
times washed mth 2 n HaSOi and water, and the washmgs were combmed 
\nth the mam solution which was adjusted to a volume of 500 cc (Table 


Table II 

Phosphorus and '\ttrogen Recoveries in Hydrolysis of Pig Heart Phosphatides 


! 


P 

Total N 

NH*-N 

No 


Weight 

Per cent 
of total 

Weight 

Pec cent 
of total 

Weight 

Per cent 
of total 



mg 


mg 


mg 



Total, subjected to hydrol- 
ysis (11 6600 gm ) 

431 5 

100 

184 3 

100 

96 8 

100 

1 

Aqueous hydrolysate (500 

CO ) 

407 0 

94 3 

152 0 

82 5 

58 8 

60 7 

2 

Fatty acids (8 3524 gm ) 

15 7 

3 6 

31 9 

17 3 

30 0 

31 0 

3 

Barium salts (0 8271 gm ) 

26 2 

6 1 

0 8 

0 4 

0 

0 

4 

\lcohol insoluble (0 0778 
gm ) 

0 

0 

0 6 

0 3 

0 

0 

5 

Alcoholic solution of base 
j chlondes (100 cc ) 

9 1 

2 1 

109 0 

59 1 

44 0 

45 5 


II, Fraction 1) The analytical data for the fatty acid fraction, 8 3524 gm 
of a broivn semisohd oil, ivill be found as Fraction 2 m Table II 

The aqueous hydrolysate (486 cc ) was concentrated to one-half its 
volume in vacuo and adjusted to pH 10 by the addition of finely powdered 
Ba(OH)2, the mixture was neutralized b> means of CO2 and freed of the 
precipitate The addition of 2 volumes of absolute alcohol to the filtrate 
precipitated the barium salts, weighmg 827 1 mg (Table H, Fraction 
3) The filtrate from this fraction was acidified with HCl and taken to 
complete dryness m lacuo, the residue was dissolved m absolute alcohol, 
77 8 mg of insoluble matenal (Table II, Fraction 4) were removed, and 
the alcohohc solution of the base chlondes adjusted to a i olume of 100 cc 
(Table II, Fraction 5) 

The andytical figures, summanzed m Table II, are of mtereat m vanous 
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respects They confirm the previously reported findmg (20) that the 
drop m ammo nitrogen of phosphatides during storage was due to a 
masking of the free amino groups rather than to their destruction The 
values for the total phosphatide sample subjected to hydrolysis, 
given m Table II, are based on the analytical results obtained for 
the fresh preparation 3 months later, when the balance experiment 
ivas earned out, the values for P and total N had remamed practically 
unchanged, but the ammo mtrogen value had, as pomted out, dropped 
to 038 per cent If the calculations were based on the latter figure, 
the ammo mtrogen recovered after hydrolysis m Fractions 1 and 2 (Table 
II) would correspond to twice as much as was contamed m the sample 
before hydrolysis 

It is furthermore noteworthy that the large amount of mtrogen re- 
tained in the fatty acid fraction (Table II, Fraction 2) was practi- 
cally all m the form of ammo mtrogen (compare (26, 29, 30)) That 
the mtrogen content of tins fraction was not due to imhydrolyzed phospha- 
tide is mdicated by its low phosphorus value The nature of the phos- 
phorus compound present m the alcoholic solution of base chlorides 
(Fraction 5) is unknown 

Phosphatides from Beef Heart 

Two freshly obtamed beef hearts were cleaned and ground The mmced 
tissue, weighmg 3523 gm , was twice extracted with acetone and then 
treated with two 3 liter portions of petroleum ether for a period of 3 and 7 
days respectively The dned extraction residue weighed 559 gm 

The concentration and chillmg of the combmed petroleum ether extracts 
led to the deposition of the protagon fraction, 60 8 gm of a white crystalhne 
matenal The filtrate was concentrated to 300 cc and 4 volumes of ab- 
solute alcohol were added, when Fraction 1 (Table III) separated, 174 4 
gm of a half hqmd paste of low P and N content The supernatant was 
concentrated to 85 cc and 2 volumes of acetone contammg 300 mg of 
magnesium acetate were added The heavy oil which separated was 
dried, emulsified m 150 cc of physiological sahne, and precipitated by the 
addition of 0 5 volume of acetone The precipitate was repeatedly washed 
ivith cold acetone-sahne (1 2) and acetone and carefully dried at a low 
temperature m lacuo over P 2 O 6 , Fraction 2 (Table III), 24 4 gm of a \ erj 
soft salmon-colored paste, was obtamed 

The major part of Fiaction 2 (22 5 gm ) was subjected to a fractionation 
from alcohol, as has been described m a precedmg section for the pig heart 
preparation Fraction 3 (3 95 gm ) separated at 0°, Fraction ^ (7 41 gm ) 
at —60° Both substances were reddish brown, soft pastes The residue 
obtamed by the evaporation of the supernatant from Fraction 4 was treated 
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mth acetone Fraction 5 separated as a light yellow soft paste, weighing 
9 19 gm , at 0°, the acetone mother hquor yielded Fraction 6 , 1 63 gm of a 
yellow oil Fractions 4 and 6 gave a strong blue color when treated with 
ninhydnn (m the presence of a trace of pyndme), Fraction 5 showed only 
weak ninhydnn reaction Only Fraction 4 exhibited flocculation with 
sahrune at pH 7 (31) 

An attempt at the further purification of Fraction 4 mvolved the tieat- 
ment of 6 92 gm of this matenal with 50 cc of warm methyl alcohol The 
portion insoluble at 0° was reprecipitated with methyl alcohol from its 
solution m petroleum ether, yieldmg Fraction 41 (Table III), weight 1 65 
gm This material did not form a sufficiently stable suspension m saline 
to permit its assay for thromboplastic activity The combmed mother 
hquors were exapoiated and the residue was dissolved m 75 cc of methyl 


Table HI 

Beef Heart Phosphalides 


Fraction No 

P 

Total N 

N P 

NH-N 

Iodine \alue 

Thromboplasuc 

activity* 


per eent 

per cent 


per cent 



1 

Q 34 

0 14 





2 

3 21 

1 40 

mum 


90 0 


3 

3 12 

1 03 


1 18 

102 0 

+ 

4 

3 01 

1 24 

msM 


86 0 

-1-++ 

41 

2 43 

1 40 

1 3 


87 3 


42 

3 51 

1 44 


1 71 

105 0 

++-f 

43 

2 97 

1 67 

1 2 


84 0 

- 

5 

3 71 

1 60 



94 3 

- 

6 

2 39 

0 97 

0 9 


91 3 

— 


* See Table I for an explanation of the procedure 
f This material contained no amino acid X 


alcohol The addition of 1 5 cc of a saturated aqueous sodium chlondc 
solution to the centrifuged methyl alcohohc solution produced a precipitate 
which was centnfuged off, washed with cold methyl alcohol (contaming 
2 per cent of saturated NaCl solution), and precipitated from its clear solu- 
tion in ether by means of acetone The yield xvas 0 47 gm of Fraction 43 
The supernatant yielded Fraction 4S, 3 05 gm of a yellow wax The at- 
tempted fractionation of the cadmium chlonde double salt of this matenal 
b\ distnbution between petroleum ether and 80 per cent alcohol (22) was 
unsuccessful, practically aU bemg soluble m the latter solvent 

The analytical data will be found summanzed in Table III It max be 
pomted out that txxo fractions which had particularly high lodme valu&j 
(Table III, Fractions 3 and 42, and also Fraction 2 m Table IV) gax e 
anomalous ammo nitrogen figures (compare (32)) 
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Phot^phaUdes from Beef Brain 

The tissue mince, weighmg 2490 gm , was tivice treated with 3 liter por- 
tions of acetone at 4° This was followed by an extraction with 3 liters of 
absolute alcohol for 24 hours at 4°, and ivith two 3 liter portions of pe- 
troleum ether (b p 30-G0°) tor 48 hours each at room temperature, m the 
dark The extraction residue weighed 271 gm In anothei experunent, 
8320 gm of mmced beef bram were siimlarly treated with acetone and al- 
cohol The alcohohc extracts obtained m both experiments were umted 
and worked up jomtly 

Alcohol Extract (Table /I ) — The extract (about 15 liters) was chilled 
m ice and freed of a small amount of cerebrosides b} filtration through a 
large fritted glass immersion filter The precipitate, produced by the addi- 
tion to the filtrate of ISO gm of cadmium chloride m 100 cc of water, was 
separated from the chilled mixture, washed wuth ice cold alcohol, and sus- 
pended m 1000 cc of petroleum ether A large part of the lecithm double 
salt was removed by twenty-six extractions -with 200 cc portions of 80 
per cent alcohol (22) The clear petroleum ether layer was concentrated 
to a volume of 140 cc and 10 volumes of absolute alcohol were added The 
thick sirup which separated from the cooled nuxture was freed from the 
supernatant by decantation and agam precipitated in the same manner 
The precipitate, collected m a refngerated centrifuge, was dissolved m 300 
cc of petroleum ether and agam subjected to twenty-seven extractions with 
75 cc portions of 80 per cent alcohol The petroleum ether solution, which 
at this stage appeared almost free of the lecithm-cadmium chlonde complex, 
was evaporated to dryness in vacuo The precipitate obtamed by the 
addition of 500 cc of absolute alcohol to the clear solution of the evapora- 
tion residue m 50 cc of petroleum ether was sedimented by centrifugation 
in the cold, dissolved m 50 cc of benzene, and agam precipitated with 200 
cc of ethyl acetate After one more precipitation from a benzene solution 
with 4 volumes of an alcohol-ethyl acetate mixture (1 1), the material 
was dissolved m chloroform and freed of Cd by the addition of 18 per cent 
ammoma m methyl alcohol m the usual manner The concentrated super- 
natant was agam treated mth ammoma, centrifuged, and evaporated to 
drjTiess m vacuo The residue was immediately taken up m petroleum 
ether and the solution, aftei havmg been cleared by centrifugation, washed 
five tunes wnth a 10 per cent NaCl solution m water, bnefly dried wnth 
anhydrous sodium sulfate, and evaporated in vacuo The addition of 60 
cc of absolute alcohol to the petroleum ether solution of the residue (6 cc ) 
produced a copious precipitate which was removed by the centnfugation 
of the chilled mixture and subjected to several precipitations with absolute 
alcohol from its clear solution m ether and m chloroform This material 
1 22 gm of an almost white powder, is entered as Fraction 1 m Table It 
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The united alcohohc mother hquors were evaporated m vacuo, the 
residue dissoh ed m ether, and acetone was added to the clear concentrated 
ethereal solution The resultmg preapitate, Fraction 2, 0 20 gm of a 
j ellowish soft paste (Table IV), differed from leci thin m the difficulty with 
which it could be suspended m water 
Petroleum Ether Extract (Table TV ) — ^The precipitate obtamed with 5 
volumes of alcohol from the extract, followmg its concentration and hbera- 
tion of cerebrosides m the usual manner, was suspended m physiological 
sahne and flocculated by the addition of 0 5 volume of acetone It then 
was precipitated from an aqueous suspension by means of 1 N hydrochlonc 
acid This was followed by precipitation from an ethereal solution with 
5 volumes of acetone The flocculation of the phosphatides was, under 


Tvble I\ 


Beef Bratn Phosphatides 


1 

FracUon 
No ! 

P 

Total V 

1 

V P 

NTT-V 

'^mo 
acid V 

Todine 

value 

Thxombo- 

plastic 

activity 

1 

per unt ' 

3 69 

per cent 

2 09 

1 3 

per ujU 

1 50 

per cent 

88 3 


2 

4 01 

1 92 

1 1 



111 

— 

3 

3 85 

1 76 

1 0 

^9 

0 69 

83 0 

- 

4 

3 97 

1 65 

0 9 


0 83 

67 1 

++ 

5 

3 88 

1 65 

0 9 

' 1 64 

0 79 

69 6 

- 

6 

3 SI 

1 SO 

1 0 

1 67 

0 71 

78 0 

++ 

7 

3 81 

1 91 

1 1 

1 59 

0 51 

76 0 

+++ 

71 

3 45 

1 74 

1 1 

1 40 

1 

57 0 

— 

72 

3 61 

1 90 


! 1 50 


72 5 

+++ 

S 

404 

2 06 

■9 

1 46 

0 33 

78 7 

+++ 

SI 

2 46 

1 68 


0 54 


59 1 

— 

S2 

1 4 03 

1 

1 97 

u 

i 1 26 

! j 


73 9 

+++ 


* See Table I for an explanation of the procedure 


these conditions, found to proceed much less readily, piobably because of 
the precedmg removal of the cations with acid Sedimentation of the 
precipitate in the refngerated angle centiifuge yielded Fraction 3, 20 2 
gm of an almost white hard wax (Table II ) 

The addition of 150 ce of absolute alcohol to the solution of 19 5 gm 
of this fraction m 100 cc of chloroform brought about the separation of a 
yellow thick oil which, when treated with cold chloroform-alcohol (2 3), 
alcohol, and acetone, solidified to a yellowish powder, Fract’on 4, weighing 
6 20 gm 

The combmed mother liquors were adjusted to an alcohol concentration 
of 75 per cent (bi i olume), when Fraction 5 separated, 3 96 gm of a"light 
brown powder 
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The e\ apoiatioii residue ot the filtrate from Fraction 5 yielded, on addi' 
tion of 5 volumes of absolute alcohol to its solution in 20 cc of chloioform, 
Fraction 3, 1 85 gm of a soft light brown wav 
The mother liquors were evaporated tn vacuo and the residue dissolved 
in 50 cc of warm absolute alcohol The solution, when cooled overnight, 
deposited a light yellow oil which on trituration woth cold alcohol and 
acetone sohdified to give 1 99 gm of a yellowish sticky powder, designated 
Fraction 7 The oil resulting from the evaporation zn vacuo of the alcohol 
filtrate was treated with cold acetone, when Fraction 8 was obtained, 1 79 
gm of a yellow wax which soon discolored to brown It may be noted 
that the division of Fraction 3 mto five separate fractions mvolved a loss 
of only 3 7 per cent of the startmg material 
The major portions of Fraction 7 (1 35 gm ) and Fraction 8 (1 23 gm ) 
were subjected to further fractionation Each substance was dissolved m 
30 cc of warm methyl alcohol The clear solutions deposited on cooling 
Fraction 71 (Q 54 gm ) and Fraction 81 (0 22 gm ) respectively To each 
of the supernatants 160 mg of potassium acetate dissolved m 2 cc of alcohol 
were added and the chilled mixture cleared by centrifugation and evapo- 
rated in vacuo To the ethereal solutions of the residues 4 volumes of 
acetone were added, when Fraction 72 (0 74 gm ) and Fraction 82 (0 89 gm ) 
respectively separated These substances which showed considerable 
thromboplastic activity were subdivided mto a number of fractions, but tbe 
mactive, ill defined products obtamed will not be desenbed here 
The analytical properties of the hpid fractions isolated from beef bram 
are summanzed m Table IV 

Phosphatidyl Senne from Beef Brairi^ 

This substance was isolated from beef bram foUowmg, with the exception 
of certam details, the method of Folch (19) The best preparation ob- 
tamed had the followang composition P 3 71, N 1 72, ammo N 1 71, ammo 
acid N 1 57, lodme value 63 4 The iodine values were mvariably found 
higher than tbe figure of 39 8 reported by Folch 
All samples of phosphatidyl senne exammed, mcludmg one kmdiy fur- 
mshed by Dr J Folch of The Eockefeller Institute for Medical Research, 
were devoid of thromboplastic activity towards rooster plasma^ 

Estimation of Thromboplastic Activity 

In aU experiments freshly obtamed rooster plasma was employed by the 
techmque customary m this laboratory (13) The plasma samples were 

* The preparation of this material was carried out bj Mr D B Spnnson 

* Dr J Polch had the kindness to supply aspecimen of brain cephalin fre^f 
acids This fraction, which according to a private communication from Dr Pole 
contained total N 1 8, ammo N 1 68, ammo acid N 0 06, had a thromboplastic activity 
correspondmgto -b-J"-!- (compare the explanation in Table I) 
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extremely stable, watbout the addition of activatmg substances their 
clottmg tunes never fell below 150 minutes Their coagulabihty was 
tested by the addition of the thromboplastic protem from beef lungs (7), 
m order to exclude specimens of low prothrombm content The hpid 
samples nere directly suspended m m/15 phosphate buffer of pH 6 8 and 
tested m serial dilutions at 30 5° Each tube contamed 0 1 cc of plasma 
and 0 03 cc of the hpid suspension 

While it pro\ ed easy to demonstrate the presence or lack of thrombo- 
plastic activity m a given hpid sample and to distmguish between highly 
potent and shghtly active fractions, the defimtion of an activity umt lend- 
mg itself readily to comparison was impossible In order to avoid the 
cumbersome presentation of protocols of mdindual assays, the schematic 
formulation adopted m Tables I, III, and TV was chosen This procedure 
was found to gi\ e sufficiently well reproducible results 

The excellent assistance rendered by ^Ir A Bendich is gratefully 
acknowledged 


SUMMAHY 

Numerous phosphatide fractions obtamed bj a vanety of methods from 
pig heart, beef heart, and beef bram were exammed for thromboplastic 
activity The most potent preparations, especially those from pig heart, 
■ft ere very soluble m alcohol Phosphatidyl serme from beef bram was 
mactive, bram cephalm itself (t e the ethanolamme-contammg phosphatide 
fraction) showed some activity The theoretical discussion of the findmgs 
presented here emphasiaes the complex composition of tissue phosphatides 
and leads to the conclusion that the thromboplasticaUy active hpids cannot 
yet be identified mth any of the known phosphatides 
The crude hpid preparations from heart muscle ere shown to contam 
considerable amounts of fat One of these accompanymg compounds, 
isolated from pig heart, was identified as a tnglycende, probably oleodi- 
stearm A study of the distnbution of phosphorus and mtrogen m the 
hydrolysis products of pig heart phosphatides and of the recovenes of these 
elements is likewise mcluded 
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Centrifuge for 20 minutes at high speed to reino\ e any eellular parts 
Add ammomum sulfate to 50 per cent saturation (37 7 gm per 100 cc ) 
and filter m the refngerator Discard the precipitate 
Increase the ammomum sulfate to 80 per cent saturation (an additional 
18 7 gm per 100 cc of filtrate), filter, and discard the filtrate 
Dissolve the precipitate m a small amount of phosphate buffer, pH 7, 
so that each cc is eqmvalent to 0 7 to 0 9 gm of ongmal hver 
Free the e'vtract from Streptococcus lacks R-stimulatmg substances by 
dialyzmg m a cellophane membrane against the phosphate buffer at room 
temperature 8 hours with eight changes of buffer, and overnight m the 
refngerator 

Add ammomum sulfate until SO per cent saturation is agam reached and 
store m the refngerator under benzene 
This has been kept as long as 4 weeks without loss of activuty 
Working Enzyme Solution — ^A 5 cc quantity of the stock solution is agam 
dialyzed against the phosphate buffer for 2 hours at room temperature with 
at least four changes Its activity is then tested by addmg 0 025, 0 05, 0 1, 
and 0 2 cc to tubes contammg 100 y each of Difco yeast extract^ and then 
treatmg the tubes as described under “Procedure ” An amount that will 
give maximum values with a minimum blank is used for routme determina* 
tions (This should be 0 025 to 0 1 cc if the preparation has been properly 
earned out ) This solution also is stored under benzene m the refngerator 
It should be prepared twice a week 

Procedure 

Tissue extracts are prepared as advised by Cheldehn et al (4) Vanous 
amounts of the extract or matenal to be assayed must be selected by esti 
mate and by prehmmarj determmation to give values of 10 to 20 nullum- 
crograms of Streptococcus lacks R-stunulatmg substance Dilutions of the 
tissue extract should be made so that the amounts selected will be contained 
m 1 cc of phosphate buffer, pH 7 (at least three levels should be chosen) 

Set up Folm-Wu sugar tubes contammg 1 cc of tissue extract each and 
control tubes contammg 1 cc of the phosphate buffer solution only 
Add the required amount of woikmg enzyme solution to each tube 
Incubate 4 houia at 37° The total volume should be the same m each 
tube and should not exceed 1 2 cc 

Precipitate the heat-coagulable piotems bj placmg the tubes m a bod 
mg watei bath for 3 minute^ Gentle shakmg aids flocculation of the 
proteins 

1 Difco Bacto yeast e\tract Difco Laboratories, Detroit, Michigan Different 
samples of this preparation have varied in potency The amount added s ou 
contain about 20 millimicrograms of matenal of potenej 40,000 after incubation wi 
the entvme 
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Dilute to 25 cc and mix Centrifuge 

The clear supernatant is assayed according to the method of Mitchell 
and Snell (5) for folic acid The data reported here were obtamed by the 
use of a model 11 Coleman spectrophotometer Turbidities were measured 
after 18 hours mcubation at 32“ 


Table I 

Assays of Various Materials for Streptococcus laclis R Siimulatmg Factor, before and 
after Incubation with Rat Liver Enzyme 


'Material assayed 

No of 

.S lactis R stunulatiQg factor 

assays 

Preformed* 
(before mcubation) 

Potential* 
(after mcubation) 

Liver extract, Lilly, Sample Af 

4 

y per gm j 

42 1 

y pff t”* 

63 

“ “ “ “ B 

4 

25-25 6 

42-46 

Yeast “ Difco, t “ A 

(2) §5 

0 8-10 

81 9-96 

U |( U ^ jg 

(4)§20 

2 5-3 5 

193-214 (Av- 

Cabbage, Chinese 

1 

2 0 

erage, 204) 

4 9 


2 

0 2, 0 9 

1 4, 2 0 

Carrot, root 

1 

0 42 

0 84 

“ leaves 

1 

3 15 

5 8 

Chard 

1 

3 8 

4 2 

Baoto peptone, DifcoJ 

2 

0 63, 0 74 

4 2, 5 4 

Potatoes 

1 

1 03 

1 5 

Wheat, whole 

4 

0 5-13 

1 0-1 7 


* Material of potenoy,40,000 

t This sample of liver extract, Lilly, has been used as a reference standard and 

was compared with a folio acid standard of potency 1, kindly furmshed by Dr H K 

Mitchell, Umversity of Texas 

t Difco Laboratories, Detroit, Michigan 

§ The numeral in parentheses indicates the number of assays of preformed factor 


Assat/ Data 

Typical assay data obtamed with the method outhned above are recorded 
in Table I Each assay represents duplicate detenmnations at two or 
three levels The term “preformed factor” is apphed to the amount of 
the growth factor as measured by direct assay The term “potential 
factor” IS apphed to the growth factor as measured after mcubation with 
the rat liver enzyme 

It may be seen that material of both vegetable and animal ongm con- 
tains amounts of potential factor greater than the correspondmg amounts 
of preformed factor In almost every substance assayed there was found 
to be a significant mcrease m the factor after mcubation with the rat liver 














COMPONENT FATTY ACIDS FROM THE FAT OF COW 
COLOSTRUM* 

By a RICHABD BALDWINt and HERBERT E LONGENECKER 
(From the Dcparlmcnt of Chemistry, University of Pittsburgh, Pittsburgh) 

(Received for pubhoation, July 3, 1944) 

In connection with a recent study on human milk fat (1) an opportumty 
was afforded to measure qualitatively and quantitatively the fatty acid dis- 
tribution m the fat from human milk collected dunng the first 3 days of 
lactation Some differences m eomposition were observed for these colos- 
trum samples when they were compared with mature human mUk fat It 
was considered desirable therefore to make analyses of fat from cow colos- 
trum m order to have avadable comparable data 

The results from the work with h uman milk fat mdicated that as the 
period of lactation progressed from the 1st day’s colostrum to mature milk 
the amount of phosphohpid and high molecular weight acids decreased and 
the low molecular weight acids mcreased In the present mvestigation of 
fat from cow colostrum no staking differences from published analyses for 
fat of mature cow’s milk (2, 3) have been found In fact the fatty acid 
analyses of the two are remarkably similar 

EXPERHIENTAL 

CoUectton and Preparation of Fat for Analysts — The colostrum from which 
the fat was extracted for the present study was obtamed from a smgle cow 
dunng the first 4 days after paituntion The cow had consumed a diet con- 
sistmg of (a) about 12 pounds daily of mixed timothy and clover hay, (6) 
30 pounds of com silage, and (c) 10 pounds of a gram mixture for 2 months 
before the sample was collected Variation m composition would be anti- 
cipated if the diet of the breed were altered The milk was dned by the 
ciyochem process and the lipids were extracted with alcohol and ether m a 
Soxhlet apparatus 

The phospholipids, lemoved fiom the total hpid matenal by the method 
of Bloor (4), amounted to 1 12 per cent of the total fat which was extracted 
Phosphorus analysis (5) of the acetone-insoluble matenal indicated a phos- 
phorus content of 3 96 per cent 

Analysis of Steam-Volatile Acids — The acetone-soluble hpids were sapom- 

* The generous support of the Nutrition Foundation, Inc , and the Buhl Founda- 
tion IS gratefully acknowledged Contribution No 538 from the Department of 
Chemistry, Umversity of Pittsburgh 

t Nutrition Foundation Fellow Present address, Corn Products Refimng Com- 
pany, Argo, Illinois 
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fied With potassium hydroxide in redistilled methanol After removal of the 
solvent in vacuo, the dry soaps were dissolved m distilled water and trans- 
ferred to a steam distillation apparatus The soaps were then acidified 
with 50 per cent sulfunc acid and steam-distiUed imtd 1500 ml of aqueous 
distillate had been collected in an ice-cooled receiver 
The aqueous distillate was extracted with peroxide-free ethyl ether sev- 
eral times to remove the volatde fatty acids After the ether extract had 
been dried with neutral anhydrous sodium sulfate, the ether was distilled 
through a fractionatmg column and the fatty acids were fractionally dis- 
tilled at atmospheric pressure A senes of fractions was obtained which 
were analyzed for lodme values and neutral eqmvalents Descriptions of 
the fractions are given in Table I The aqueous portion of the steam dis- 


Table I 


Analvltcal Data for Fractions of Volatile Acids 


FrocUon No 

1 

Weight 

Iodine value (Wijs) 

r^eutxal equivalent 

1 

im 



V-l 

2 316 


* 

V-2 

0 276 


« 

V-3 

0 1423 


t 

V-4 

0 3225 


165 5t 

V-5 

0 4223 


90 8 

V-6 

0 2954 


113 6 

V-7 

0 2600 


112 8 

V-8 

0 3232 


121 9 

V-9 

0 1850 

0 1 

135 0 

V-R 

0 4573 

12 8 

183 1 


* Non acidio material (ether) 
t Mostly ether, acidity calculated as butyric acid 


tiUate was titrated for total acidity, which was then calculated as weight of 
butjTic acid Also the sodium sulfate used m drymg and the ether which 
was removed through the column were titrated with standard potassium 
hydroxide to determme the fatty acids as weight of butync acid remainmg 
m them The butjmc acid calculated from these three sources was 0 428 
and 0 009 gm , respectively 

Aiuxlysis of Non-Volatile Acids — ^The acids non-volatile m steam were 
recovered and converted to neutral methyl esters which were then distilled 
at reduced pressure through a packed and electncally heated fractionatmg 
column Analyses of the vanous methyl ester fractions were made for 
lodme values and sapomfication equivalents by standard methods and for 
percentages of octadecadienoic, octadecatnenoic, and eicosatetraenoic aci s 
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«>• mmenml .t high ten- 

^ ^ ^ anaJytical results of 'the distillation 

Absorpfaon curv^ of the isomenzed soaps (6) from several of the frac- 

^ absorption peaks at 234 m^ for con- 

jugated diene matenal were present m all the fractions which contained 


Table II 

Analyhcal Dalafor Fracliona of Methyl EaUrn from Non-VohUk Amda 


FmtioQ 

\o 

Weight 

Iodine value 
(W»js) 

Sapoiu5ca 

tion 

equivalent 

Methyl 

ocudecath> 

enoate 

Methyl 

ocUdccaUi 

enoate 

Methyl 

eicosateUa 

enoate 

«0 


X" 



per cent 

Ptr cent 

per cent 


1 

2 

3 

4 

5 

6 

7 

a 

0 209 

0 317 

0 S33 

0 873 

1 WO 

I 667 

1 635 

1 779 

4 7 

8 0 

6 8 

5 7 

7 3 

7 0 

10 2 

9 6 

182 8 
193 1 
203 7 
218 3 
232 0 
241 4 
243 7 
254 2 



1 4151 
1 4204 
1 4217 
1 4251 

1 4281 

1 4289 

1 4292 

1 4324 

0 

1 305 

13 2 

267 9 




1 4341 

10 

2 210 

12 1 

270 6 




1 4336 

u 

2 8S0 

7 7 

271 0 




1 4336 

12 

2 623 

8 2 

270 8 




1 4336 

13 

6 244 

3 9 

270 8 




1 4327 

14 

3 402 

45 8 

287 1 

4 53 

0 58 


1 4388 

15 

2 0S7 

58 8 

294 8 

7 63 

1 14 


1 4431 

16 

2 179 

81 9 

296 0 

7 61 

0 98 


1 4436 

17 

1 942 

81 3 

296 4 

7 04 

0 85 


1 4437 

IS 

2 343 

79 1 

296 6 

6 65 

0 88 


1 4436 

19 

2 045 

76 5 

296 8 

5 75 

0 72 


1 4435 

20 

I 953 

71 9 

297 0 

5 14 

0 81 


1 4433 

21 

1 842 

68 0 

297 3 

4 65 

0 77 


1 4430 

22 

1 333 

59 0 

297 2 

3 94 

0 63 


1 4416 

23 

1 840 

50 6 

297 0 

3 36 

0 59 


1 4409 

24 

1 739 

43 4 

297 6 

3 05 

0 48 


1 4408 

25 

1 039 

106 2 

305 7 



13 9 

1 4526 

26 

0 326 

120 8 

315 9 



20 8 

1 4587 

Kcsidue 

0 802 

95 9 1 

476 1* 




* Neutral equivalent of free fatty acids, 329 2 


Cm esters, the amounts of methyl octadecadienoate in Fractions 14 to 24 
inclusive were calculated from these absorption maxima by comparison, 
ter correction for tnene absorption, with standard values obtained from 
e isomerization of methyl Imoleate The low peaks at 270 mu, represent- 
ing tnene conjugation, were calculated as methyl octadecatnenoate by com- 
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panson of the absorption coefficients at 270 mu ivith standard values for 
isomenzed methyl hnoleate These values must be considered as indicatmg 
the maximum amount of tnene absorption possible, for there was also some 
general absorption m this region, which would tend to make the apparent 
methyl octadecatnenoate greater than it actually was It is entirely pos- 
sible that the conjugated tnene matenal which showed absorption at 270 mji 
may have come from some source other than methyl octadecatnenoate, 
because a very small amount of tnene absorption has been shown to arise 
dunng the handlmg and distillation of debrommation Imoleic acid (7) 
However, it is doubtful whether as much tnene absorption as was found 
could possibly have arisen from the relatively small amount of methyl octa- 
decadienoate present Bosworth and Sisson (8) were unable to detect any 



wavelength CV) 

Fig 1 Spectral absorption curves of the soaps resulting from the isomerization 
of several methyl ester fractions Curve A, Fraction 26, Curve B, Fraction 25, 
Curve C, Fraction 16, Curve D, Fraction 24 

hnoleic or hnolemc acid m cow’s milk fat by brommation studies, although 
Eckstem (9) does report the presence of small amounts of Imolemc acid m 
vanous butter fats 

The absorption peaks at 304 and 317 mp m the last fractions are char- 
acteristic of tetraene conjugation which was calculated as having been m- 
duced from methyl eicosatetraenoate with standard absorption values ob- 
tamed for alkah-isomenzed methyl arachidonate ^ Inasmuch as the diene 
absorption m these latter fractions is much greater than can be accounted 
for by the eicosatetraenoic acid and the amount ot Cis unsaturated mate- 

‘ Standard absorption values for isomenzed methyl arachidonate were obtained 
from Dr B W Beadle and Dr H R Kraybill, Amencan Meat Institute 
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rial lb very small, there must have been some C20 and C22 dienoic 
acids present For hek of a better method of detemunation the remamder 
of the C20 and uusaturated material in these higher fractions was cal- 
culated “as C20 dienoic acid ” jVII of the saturated acids in these higher 
fractions were calculated “as eicosanoic acid ” 

The compositions of the fractions which contained no esters of molecular 
weight higher than Cis weie calculated directly from the data presented in 
Tabic II, and a summarj' of the component fatty acids in the entire colos- 
tnim fat is given as both weight peicentagc and molar percentage in Table 


Table III 

Component Fatty icids of Fat from Cow Colostrum (and Malu\e Mill.) 


Acid^ 

ColoslTum fat 

Butter fat (Hilditch 
and Longenecker (3)) 


per cent 

niehr per cent 

rrolar percent 

Butyric 

2 6 

7 2 

8 1 

Caproio 

1 6 

3 4 

2 8 

Caprylio 

0 5 

0 8 

2 5 

Capno 

1 6 

2 3 

3 7 

Laurie 

3 2 

3 9 

4 4 

Mynstio 

9 5 

10 1 

12 5 

Palmitic 

31 7 

29 9 

23 2 

Steanc 

11 8 

10 0 

7 6 

“As eicosanoic” 

0 6 

0 5 

1 0 

Decenoic 

0 1 

0 2 

0 4 

Dodeceaoic 

0 2 

0 2 

0 5 

Tetradecenoio 

0 7 

0 7 

1 7 

Hexadeccnoic 

2 7 

2 5 

3 7 

Octadecenoic 

28 5 

24 3 

24 8 

Octadecadienoic 

2 5 

2 2 

2 9 

Octadecatnenoic 

0 4 

0 3 


Eicosatetraenoic 

0 7 

0 6 

0 2 

‘4s Cio dienoic” 

1 1 

0 9 



Ill The fatty acid composition of the colostrum fat is very similai to that 
reported for typical buttei fat ( 3 ) and the sigmfacant trend found m the 
component acids ol human milk and colostrum fat ( 1 ) wa-, not evident 
from this work 

\Ve wash to acknowledge the assistance of Dr John M Lawrence, Cornell 
Umversity, for the collection of the colostrum sample and 01 Dr H H 
Wilhams, Children’s Fund ot Michigan, for drying the colostrum by the 
crj ochem process 
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aseptic precautions The animals were restramed on animal boards dur- 
ing the experiments to permit as little movement as possible 

Normal Dogs — ^After a control sample of blood has been drairo, 2 gm 
per kilo of glucose were mjected mtravenoush and further samples were 
draivn 15, 30, 60, 90, and 120 imnutes after the injection A detailed 
description of the diet and care of these dogs is presented m another 
paper (6) 

Depancreaitzed Dogs — ^These dogs were subjected to the same procedure 
as the normal animals, except that after the collection of the 90 mmute 
sample msuhn was mjected and further collections were made 15, 30, 60, 
and 120 imnutes after this mjection Three of the dogs were depan- 
creatized and used 48 to 96 hours postoperativel 3 ivithout ever havmg 
received mjections of insulin In order to avoid effects due to postopera- 
tive disturbances present m these depancreatized animals, four other dogs 
were depancieatized and mamtamed m good health by mjectmg regular 
msuhn twice daily after their meals and by mcludmg pancreatm m their 
diet These animals received no food or msulm 18 to 42 hours precedmg 
the experiment 

Chemical Analysis — 2 cc of blood were drawn mto a tuberculm synnge 
from the femoral arteiy 1 cc of this was expressed directly mto chilled 
10 per cent tnchloroacetic acid to be analyzed for pyruvic acid by the 
method of Fnedemann and Haugen (7) The 2nd cc was freed from pro 
tern by Somogyi’s techmque (8) and after centrifugation the supernatant 
fluid was analyzed for glucose by the Hagedom and Jensen method (9) 
and for lactic acid accordmg to Barker and Summerson (10) 

Results 

The averages of the values for the sixteen normal dogs for the blood 
levels of lactic acid, pyruvic acid, and glucose followmg the mjection of 
glucose are presented m Table I Followmg the rapid nse m glucose 
resultmg from the mtravenous mjection, there is a fast fall towards the 
control value durmg the 1st hour and then a slower return to the control 
durmg the next hour The level of glucose is much higher than mdicated 
immediately after the mjection, for by 15 mmutes, the mterval after which 
the first sample is drawn, the value is alreadj on its way down The 
lactic acid and pyruvic acid curves show a delay between their swmgs and 
that of the glucose curve They both reach their ma xim u m at 30 mmutes 
and then fall to approximately their control levels over the 2 hour penod 
The lactic acid and pyruvic acid blood levels follow the same general 
pattern and the ratio between them exhibits onlj comparatively small 
variations 

For comparison with these curves on normal animals we have the ream s 
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of e\permients obtained m depancreatized dogs In Table II are presented 
the curves for lactic acid, pj ruvic acid, and glucose in dogs studied from 
48 to 96 hours after pancreatectomi \nthout havmg ever received sup- 
portive mjections of msubn Table III discloses the concentrations of 
the same substances m dogs that have been mamtamed for several weeks 
on msulm These dogs were used 18 to 42 hours after the last dose of 


Tvble I 


Glucose Tolerance Tests (in Mg Pet Cent) on Sixteen Normal Dogs 


Normal animals 

Control 

15 min 

30 mm 

, 60 imn 

90 mm 1 

120 mm 

Glucose 

1 

S3 

462 

264 

123 

95 

93 

Lacc c acid 

6 S 

10 0 

10 7 

7 9 

7 0 

6 2 

Pyruvic acid 

0 9 

1 2 

1 3 

1 1 

1 1 

0 9 

Ratio lactic pyruv ic 
acid 

7 9 

S 2 

S 0 

6 9 

6 5 

6 S 


Table II 

V alues of Glucose, LacUc Actd, and Pyruvic Acid Blood Levels for Dogs Depancrcati.ed 
48 to 98 Hours Vo Insulin Injected 


The results are expressed in mg per cent 


1 

Dog i 
No ! 
1 
1 


Glucose 2 gm per tilo 

Insulin 

Con 

trol 

15 

mm 

50 

mm 

60 

mm 

90 

mm 

15 

miD 

10 

miQ 

297 

16 2 

2 7 
6 0 

237 

8 6 
1 7 
5 0 
453 

24 7 

3 5 
7 0 

60 

mm 

90 

mm 

276 

43 0 
4 5 
9 7 
180 

17 6 
2 8 
6 3 
435 

34 0 
3 0 
11 3 

120 

min 

309 

47 0 
5 4 
8 7 
183 

27 9 
3 3 
8 4 
501 

49 1 
3 6 
13 3 

1 

0 

3 

Glucose 

Lactic acid 
Pyruvic acid 
Lactic-pyruvic 
Glucose 

Lactic acid 
Pyruvic acid 
Lactic pyruvic 
Glucose 

Lactic acid 
Pyruvic acid 
Lactic pj ruvic 

279 

S S 
23 
3 0 
252 

8 4 

1 7 
5 0 

321 

13 6 

2 3 
5 9 

615 

10 9 
2 1 
5 2 
670 

8 1 
2 1 

3 9 
790 

13 6 
2 3 
5 9 

500 

8 3 
1 9 
4 4 
520 

7 2 

1 7 

4 2 
625 

13 6 

2 4 

5 6 

420 

12 3 
1 9 
6 5 
455 

4 9 

1 7 

2 9 
545 

14 4 
2 5 

5 7 

300 

10 7 
2 1 

5 1 
415 

5 6 

1 7 
3 3 

495 

15 1 

2 6 
5 8 

330 

15 6 
2 6 
6 0 

315 

3 3 
1 8 
1 8 
447 

16 0 

3 5 

4 5 

273 

27 2 
3 7 
7 4 

174 

15 3 
2 1 

7 3 
438 

28 4 
3 5 

8 0 


msulm Table II shows that the dogs studied withm a few days after the 
operation responded to the mtravenous mjection of glucose by 
the concentration of lactic acid and pyruvne acid that were s an 
consistent m comparison with the enormous mcreases o serv r 
mjection of msulm These animals exhibited a relations p e ween 
concentration of lactic acid and pyruvic acid which m 93 per cen o 
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detemunations did not diflFer signidcantly from the ratios of the normal 
anima ls The observations presented m Table III, made on dogs mam- 
tamed m good health bj the mjection of insulm, led, with certam excep- 
tions, to the same results as the obsenations made on the nnimnlg used 
immediately postoperatively They were similar m so far as the changes 
m lactic aad and pyrumc acid were small and mconsistent before an 
mjection of insulin m comparison wnth the large mcreases which occurred 
following its mjection Both m the dogs receivmg no manbn and m those 
mamtamed with insulin following pancreatectomy, insulin caused the 

Tvble hi 

I alues of Glucose, Lacltc icid, and Pijmic icidjor Dcpancrcati.ed Dogs Mainlatncd 
on Insulin Bui ot Ingecled for 18 to 4~ Hours before These Obscreatioiis 


The results are expressed in mg per cent 


Dog 

\o 




Glucose 

2 gm 

per ki]o 

Insulm 

Con 

trol 

U 

mm 

30 

mm 

60 

nun 

90 

min 

IS 

mm 

so 

mm 

60 

mm 

90 

mm 

I'’) 

rmn 

4 

Glucose 

327 



640 




318 

213 


111 

93 

72 


Lactic acid 

0 

5 

0 8 

10 

7 

6 5 

8 1 

11 9 

23 

5 

16 5 

18 1 

20 5 


Pjruvic acid 

1 

7 

1 5 

1 

5 

1 2 

1 2 

2 5 

2 

6 

1 S 

■till 

1 7 


Lactic pjruvic 

5 

5 

6 6 

7 

0 

5 4 

6 7 

4 8 

9 


9 2 

9 1 

12 1 

5”” 

GIuco=e 



725 

690 


055 

BWIM 

489 

366 


292 

141 

87 


Lactic acid 

7 

7 

11 0 

21 

4 

13 0 

17 2 

21 9 

27 


25 1 


13 0 


Pyruvic acid 

1 

1 

1 1 

1 

3 


1 2 

2 5 

2 

3 

2 3 

2 3 

1 8 


Lactic pyruvic 

7 

3 


17 

0 

13 5 

14 2 

8 7 

11 

9 

■Tiin 

8 8 

7 3 

6 

Glucose 




630 


495 


Rim 

Miltl 


192 

114 

84 


Lactic acid 

Ell 

2 

21 4 

22 

3 

13 0 


23 7 

32 

4 

43 7 

27 6 

22 3 


Pyruvic acid 

2 

6 


2 

1 

1 2 


3 4 

4 


4 8 

3 4 

2 8 


Lactic pjruvic 

s 



10 

9 

■liin 


7 1 

8 

B 

9 1 

8 2 

7 9 

7 

Glucose 

463 


ffiKIIM 

SS5 


695 


339 

585 


393 

258 

ISO 


Lactic acid 


7 

12 6 

13 

5 

11 9 

6 5 

KBWi 

21 

2 

44 b 

33 2 

31 2 


Pyruvic acid 

1 

4 

1 4 

1 

1 


1 1 

1 4 

2 

1 

6 6 

1 9 

2 0 


Lactic pjrruvic 

6 

3 

9 3 

11 

6 

9 9 


6 9 

9 

6 

9 7 

8 7 

9 1 


concentrations of lactic acid and of pyruvic acid to mcrease The dif- 
ference between the two groups of animals is that m the latter the char- 
acter of the curve after the administration of msuhn mdicates a more 
rapid return of glucose to normal levels The concentration of lactic 
acid and pyruvic acid, havmg reached a maximum between 30 and 60 
mmutes after mjection of msuhn, also decreases dunng the last hour in 
the dogs which received msuhn 

DISCUSSION 

It has previously been found by Stotz and Bessey (11) and by Hem (5) 
m the normal and diabetic human bemg and has been confirmed by us in 
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normal dogs (6), that lactic acid and pyruvic acid vary together durmg 
rest In the present experiment dogs which were completely depan- 
creatized presented a theoretically satisfactory preparation upon which it 
was possible to study the action of insulin on the relationship between 
lactic acid and pyruvic acid The ratio between these two metabohtes 
Mas found to remam withm a fairly narrow range before and after the 
injection of insuhn foUowmg a previous mjection of glucose In conformity 
with the mvestigations of Buedmg et al (4), it was found that m the dog 
which has been depancreatized and received no injections of insuhn pyruvic 
acid remained low after the mjection of glucose until insuhn was mjected, 
after which there was a great mcrease In these animals lactic acid was 
found to follow exactly the same pattern as pjmivic acid 

In comparison with the slow response of glucose m the depancreatized 
animals receivmg no insuhn, the glucose m those which had been mam- 
tamed m good health ivith msnlm mjections fell more rapidly The rise 
in the lactic acid and pyruvic acid was shorter hved m these dogs From 
prenous work it is known that there is httle, if any, accumulation of 
pjTuvic acid m the blood after the mjection of insuhn unless the level of 
blood sugar is above normal (4, 5) Smce the blood sugar level fell follow- 
mg the msnlm mjection more rapidly m the animals mamtamed on insul in 
than m the others, the concentration of pyruvic acid and lactic acid also 
decreased sooner As a possible explanation for the better utihzation of 
carbohydrate m the healed animals than m those used postoperatively, it 
is suggested that the traumatism of the operation and the narcosis, m 
addition to mterferences with water balance and food supply, must m- 
fluence the bver and the other organs m their functions of glycogen forma- 
tion and carbohydrate oxidation 

The ratios were calculated between lactic and pyruvic acids for the seven 
diabetic dogs As mdicated m Tables II and III, the ratios for these 
dogs remam, with few exceptions, withm the range of the ratios for normal 
dogs, despite the large changes m the concentrations of both metabohtes 
tollowmg the mjection of msnlm These results reveal that m sulm has 
no direct influence upon the relationship between pyruvic acid and lactic 
acid 

It should be recogmzed that the level of lactic acid m the arterial blood 
represents the mean value resultmg from the lactic acid production and 
removal by the various organs (12) In the same manner the concentra- 
tion of pyruvic acid m the blood represents! the balance between its pro- 
duction and utilization These results, therefore, show that under the 
influence of glucose and msnlm the rate of formation of these two acids 
exceeds their removal It has previously been shown that the diabetic 
can utihze pyruvic acid (4, 13) It is, therefore, the production which is 
disturbed m diabetes The change in concentration in lactic acid and 
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pyruvie acid occurring after the injection of glucose is small m comparison 
■with the change nhich occurs aftei the injection of glucose and 
This shows the importance of insulin m the elaboration of lactic acid and 
pyruvic acid durmg rest The probabihty is that only pyruvic acid is 
formed as a direct result of msuhn, while the concomitant rise m lactic 
acid occurs mdirectly because of an equilibrium between the two metabo- 
lites 

In accordance with the Embden-Meyerhof (1) scheme, which is the one 
accepted at present, it would be necessary for glucose to enter the metaboLc 
path of carbohydrate catabolism by the formation of glucose-b-phosphate 
It IS well known that after the mjection oi glucose there is an mcrease of 
glucose phosphate m a normal animal, i e , one capable of fonmng msuhn 
m response to a high level of glucose Smce Sacks (14) and Kaplan and 
Greenberg (15) have shown that energy-nch phosphoereatme and adeno- 
sme triphosphate can be formed under the stimulus of msuhn, it is possible 
that some of the energy required for the phosphorylation of glucose is 
acquired fiom these energy-nch phosphate bonds 

SUMMARY 

The mjection of msuhn mto restmg depancreatized dogs leads to the 
accumulation of lactic acid, and pyruvic acid In depancreatized dogs 
exammed 48 to 96 hours postoperatively ■without receinng msuhn mjeo- 
tions, and m depancreatized animals used only after recovermg from the 
operation by maintenance with msuhn and pancreatm imtil 18 to 42 hours 
befoie the e\peument, the lesponses to the mjection of msuhn weie some- 
what different In the former, the fall m blood sugar was slower and the 
concentntions of lactic acid and pj ruvic acid contmued to rise for 2 hours 
after the injection of msuhn, while m the latter, the fall m glucose was 
more rapid and the concentration of lactic acid and pyruvic acid i cached 
a niaAinium at 30 to 60 mmutes following msuhn and then decreased 
Despite the laige uses in lactic acid and pjrrumc acid caused by the mjec- 
tion of msuhn, the latio between the two acids exhibited only small fluc- 
tuations 
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As early as 1910 Neubauer and his colleagues (1) presented the first ex- 
perimental evidence from perfusion studies that natural ammo acids are 
oxidized to their correspondmg keto acids and ammoma More recently 
Krebs (2), usmg the tissue shce techmque, has confirmed and extended the 
ongmal observation of Neubauer Yet, despite the groiv-th of a very ^n- 
sive hterature on the metabolism of the mdividual ammo acids, practi^Uy 
no information has been available regardmg the nature and number of the 
enzymes which are involved m them oxidative deammation Von Euler, 
Adler, Gunther, and Das (3^, and Dewan (i) m 1938 discovered ^ 
m heart muscle and hver which catalyzes the oxidation of l(-l-)-glut^c 
acid More recently, Ratner et al described an enzyme m kidney and hver 
which catalyzes the oxidation of glycine to glyoxyhc acid and ammoma (&) 
No success has hitherto attended efforts to extract the enzymes or en^e 
capable of deaminatmg oxidatively the rest of the twen y or more n 
ammo acids Krebs (2) and others (6) ha.ve succeeded m Jf 
zyme m hver and kidney which oxidizes a large number o 
of the d senes but which has no effect on the correspondmg natural enantio- 

The present commumcation deals ivith the properties o^me 

obtamed from rat kidney and hver which catalyzes e on norleucme 
thirteen natural ammo acids, viz , leueme, metlnonine, pro ’ . 

norvahne, phenylalamne, tryptophane, isoleucme, 

dme,e,.t;m,»>dawe Inthepresence otoxygenashytogm aoce^r . 
I mokoal. of 0 wi B tataa PP aaoh moleoole of aa-M aod oanMaa. 
and 1 molecule each of keto acid, NH3, and H3O2 are orme 

(1) RCHNHjCOOH + Oj RCOCOOH + HjOj + NHj 

In the presence of catalase H2O2 is decomposed mto molecular oxygen and 
the net reaction is therefore 

(2) RCHNH 2 COOH -t- iOj -» RCOCOOH -b NH. -(-HO 

Whether the quantitative relationship will agree f °®g^^^ent m the 

(1) or (2) wiU be determmed by the extent to which ca 
enzyme preparation 

•Thrsmvestigatronhas beeu^upportedby grants from tbe^searob Corporation, 

the Rockefeller Foundation, and the Ledexle La^ora ones 
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With Heucine as substrate, the rate of o\idatioa under the conditions 
which apply to equation (2) is practically identical whether molecular 
oxygen or methylene blue is used as hydrogen acceptor This identity of 
rates apphes to all substrates of the enzyme a\cept methionme, tij-pto- 
phane, and tyrosme In these cases, the rate of reduction of methylene 
blue IS much slower than the rate of reduction of moleculfir oxygen The 
discrepancy m rates is referable to the fact that the resulting keto acids 
are further oxidized by H;Oj formed m the aerobic reaction As expected, 
the rates of ammoma formation are also from one-half to one-third the 
rates of oxygen consumption in these three cases 

For reasons which are not entirely clear to us, only rat kidney and to a 
lesser extent rat h\er ha\e provided a uniformly satisfactory source of 
active enzyme A great many alternative sources of the enzyme have been 
explored with no success whatsoever, mcludmg practically all the species 
available either for experimental purposes or from slaughter-houses (cat, 
dog, gumea pig, rabbit, pig, ox, and sheep) In one or two instances, we 
have convmced ourselves that the enzyme is present but at far too low a 
level of activity to justifj further mvestigation We ha\e been restncted 
perforce to rat kidney and hver as experimental material In the early 
stages of the present mvestigation shortage of material proved a severe 
handicap However, more recently, thanks to the splendid cooperation of 

0 ly pharmaceutical compames m collecting large numbers of fresh rat 
kidneys for us, the problem of inadequate startmg material has become less 
severe In order to obtain the data discussed below , several thousand rat 
kidneys were required 

The Z-ammo acid oxidase at least of rat kidney and hver is not associated 
with insoluble particles It can readily be prepared m highly punfied and 
soluble form and is reasonablj stable 

Preparatton of Enzyme — ^A detailed account of the methods of prepara- 
tion will be foimd m the experimental section Essentially, tw o alternative 
procedures were followed In the first, the kidneys were mmced m 15 per 
cent sodium sulfate and the enzyme punfied by successive precipitation at 
this salt concentration and at pH 4 5 The final solution of the Z-ammo 
acid oxidase prepared by this method contamed no trace of the d-ammo 
acid oxidase or glycme oxidase and at most traces of catalase Most of the 
experiments reported below were earned out with such a preparation of the 
enzyme 

The second procedure mvolved prehmmary dehydration of the kidneys 
or hver with acetone at low temperatures The preliminary acetone treat- 
ment of the kidneys makes it possible to work up rapidly much larger 
quantities of starting material However, this advantage, as far as speed of 
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mampulatiou is coQcerned, is partially offset bj the fact that ciude prepara- 
tions of the f-amino acid ovidase obtained by the second procedure contam 
some d ammo acid oxidase While the d enzyme is rapidly and completely 
destroj ed when rat kidiie\ la minced m 15 per cent sodium sulfate, destruc- 
tion of the d enzyme is arrested by subjecting the kidnev to prehrmnarj 
desiccation with acetone Presumably there is an agent present m freshly 
mmced rat kidney which mactii ates the d enzyme This agent m turn is 
inactivated by the treatment w ith acetone The I enzjane is less soluble m 
salt solutions than the d and the latio of d I activiti decreases with each 
precipitation by 15 per cent sodium sulfate at pH 4 5 Thus the ratio ot 
activity dropped from the mitial value of 6 2 1 to 0 25 1 after three pre- 
cipitations \ 25-fold concentration of I enzyme relatiie to d was thus 
attamed m the course of thiee precipitations Also, the conations under 
which the precipitations were carried out lead to the partial splitting ot the 
d-ammo acid oxidase, though the I enzyme remams unaffected 

Smce the relative velocities at which the various ammo aci^ are ovdized 
by the d and I enzymes respectu ely differ mdely, the % alue for the ratio of 
d I activity ivill vary dependmg on w hich substrate is used for the respective 
enzymes In the illustration gu en above of the change m ratio, the aoti\ - 
ity of the I enzyme was determined by the rate of reduction of ^thylene 
blue m the presence of Meucme, while that of the d enzyme was e ermm 
with d-leucme as substrate In another such experiment dZ-pheny lala^e 
and Heucme were used to measure d and I activity respective y 
imtial ratio of d I activities w as 3 9 I, whereas after three 
ratio feU to 0 18 1 , w hich represents at least a 20-fold concentratio 
ratios actually favor d activity, for not only is pheny a aime mo 
deammated by the d enzyme than the d-leucme emp oje P*^®^ found 
the estimate of d activitv was shghtly higher than would have boen found 
had d- rather than df-phenylalanme been used as su s ra , , 

cannot, however, be large, smce l-phenylalanme is a ac e a ^ 

fifth the rate of /-leucme In the final stages of the punfication procedure 

no trace of the d enzyme could be found TX-hpn the 

Emdence of Complete Elimination of d-Amino Acd 
I enzyme was prepared by direct extraction of fres J ^ty was found m 
With neutral sodium sulfate solution only a trace ^ sulfate 

the first extract After several precipitations m I 

solutions, all d activity disappeared completely ^ j methionme, 

only the I forms of phenylalamne, ^ ^’ere found to 

leucme, prolme, N-methyUeucme, isoleucme, an of oxidation 

be oxidized Had d-ammo acid oxidase been pres , _ than those ob- 

in the presence of the df-ammo acids would have been higher than 
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served for the I isomers As a matter of fact, the rates m the presence of 
the racemates were shghtly lower than those m the presence of the I forms 
In the case of prolme, the rates for dl and I were almost identical 
The optically active ammo acids were either commercial samples isolated 
from natural sources or were prepared by enzymatic resolutions (see “Ex- 
perimental”) In either case, the possibihty that the results might be 
affected by small amounts of the d form present as a contammant of the I 
had to be considered All the optically active ammo acids were employed 
only after they were found to be optically pure when tested both by expo- 
sure to purified d-ammo acid oxidase of pig kidney and by determinations 
of the optical rotation 


Table I 


Stereochemical S-pecificily of I Imtno Acid Oxidase 


Substrate 

Oiygea uptake 

1 ; 

d 

dl 


c mm 

c mm 

w mm 

N Mothylleucino 

70 


62 

Phenylaminobutync acid* 

214 


170 

Phenylalanine 

ICl 


139 

Methionine 


0 

53 

Leucine 

00 


57 

Isoleucine 

no 


02 

Prolme 

157 


160 

Tyrosine* 

08 


71 


The molar concentration of tho dl form (ii/30) vas twice that of the dor I form 
(u/60) For tho ammo acids marked with an asterisk, crystals of tho dl and I 
forms were added directly to the manometer cups The data of this table have no 
relevance to relative velocities of oxidation, since the duration of the experiment 
varied from one pair of enantiomorplia to another 

Quanltlaltve Relatiojishvp belueen Oxygen Consumption and Products of 
Oxidation — ^Accordmg to equation (2), w'hich applies m the presence of 
excess catalase, the formation of 1 mole of NHj and 1 of keto acid should 
result from the utihzation of 1 atom of oxygen The data of Table II show 
that this relation is exactly satisfied when the products of oxidation of leu- 
cme, norvahne, norleucme, phenylalamne, isoleucine, and N-methylleucme 
are estimated and compared with the oxygen uptake Under the same set 
of experimental conditions much more oxygen is consumed durmg the oxida- 
tion of tyrosme, methiomne, and tryptophane than corresponds to the 
production of ammoma Instead of 1 atom of oxygen per molecule of 
ammoma, the results range from about 1 5 atoms in the case of methiomne 
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to about 3 in the case of tryptophane The explanation of this discrepancy 
may be found in the marked instabihty of the keto acids of mp t.hm TiiTio^ 
tryptophane, and tyrosme m the presence of Hj02 Apparently the action 
of catalase is not sufficiently rapid to protect these keto acids from further 
oxidation by the peroxide formed m the reaction 
Accordmg to equation (1) which apphes m the complete absence of catar 
lase, 1 molecule of oxygen should be taken up for each molecule of sTniTin 
acid oxidized It has been possible only m one case, wz that of N-methyl- 
leucme, to get that precise relationship (cf Table II) In all other cases, 
the results are mtermediary between 1 atom of oxygen and 1 molecule of 
oxygen Removal of the last traces of catalase offers considerable techmcal 


Table II 

Rclattonship beltreen Oxygen Uptake and Ammonia and Keto 4.cid Production 


Substrate 

Addition 

Oxygen 

absorbed 

Ammonia 

formed 

Keto acid 
formed 



mtcrcalom^ 

mtcTi»noIes 

mtcromolu 

1 Leucine 

Excess catalase 

29 3 

28 8 

29 1 

dl Norleucme 

(( H 

22 5 

22 7 

21 8 

dl Norvaline 

<< 4( 

15 3 

15 0 

15 1 

dl PhenylolaniBe 

(( t« 

12 2 

11 5 

12 0 

dl Isoleucine 

H C< 

7 7 

9 8 

7 1 

1 N Methylleucine 

it ft 

26 5 

23 7 

23 0 

dl Methionme 

<{ i( 

48 5 

30 0 


1 Tryptophane 

<( <( 

22 6 

8 8 


1 Tyrosine 

(( << 

8 4 

2 8 


1 N Methylleucine 

None 

39 8 

21 4 

20 1 

dl Norleucme 

t( 

31 6 

23 5 

15 3 

dl Norvahne 

It 

32 7 

21 3 

8 7 

di laoleucme 

it 

15 9 

10 7 

7 8 


Catalase was added in the form of a concentrated and purified preparation from 
pig kidney All the above experiments were earned out between pH 7 6 and 8 0 


difficulty m view of the tremendous catalytic activity of catalase In 
addition, Hj 02 may be decomposed by other constituents of the enzyme 
solution such as heavy metals, proteins, etc The instabihty of many a- 
keto acids m the presence of H 2 O 2 mtroduces still another factor which 
nuhtates against satisfying equation (1) The yield of keto acid will, 
therefore, mvanably be lower than that of ammonia 
The 2,4-dimtrophenylhydrazones of the keto acids correspondmg to 
methionme, leueme, norleucme, and prohne have been isolated m good yield 
and identified That of prohne appears to be identical ivith the hydrazone 
of a-keto-5-aimnovalenc acid which was reported by Krebs (7) as the 
product of the action of d-amino acid oxidase on d-prohne 
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Further Evidence of H 1 O 2 Formation — ^The detection of such small amounts 
of HjOj as are formed during oxidative deammation is complicated by the 
decomposition of peroxide due to traces of catalase or to further oxidation 
of keto acid Keilin and Hartrce ( 8 ) circumvented direct estimation by 
mtroducing a reaction involving oxidation of ethyl alcohol by H-Oj, which 
proceeds more rapidly than the catalytic decomposition of HjO* If H Oi 
IS actually formed m the reaction mvolvmg the I enzyme, the effect of 
adding alcohol to the system composed of Z-ammo acid oxidase, substrate, 
and excess catalase will be to change the ratio of atoms of oxygen consumed 
to moles of NH 3 produced from 1 1 to 2 1 This method of detectmg 


Tabli. hi 


BSect of Elhyl ilcuhol on Oxygen Consumption and Ammonia Production of System 
I Amino icid Oxidase, Substrate, Catalase 


1 

Ox>gCQ uptake 

Anunonia fonnaUoB 

W ithout j 
a!cohol 

With ! 

alcohol 

Without 

alcohol 

With 

alcohol 


1 

atami 

atoms 

moles 

moles 

1 Leucine 

9 5 

18 2 

9 5 

8 8 

i 

1 

11 5 ! 

23 1 




5 1 

11 0 

6 0 

7 5 

l N Methylleucine 

10 5 

10 7 




11 1 

18 2 

12 4 

12 4 

dl Aminocaproic acid 

13 1 

19 1 

13 3 

10 2 

1 Prohne 

11 5 

22 2 



dl Aminovalcric acid 

18 9 

37 0 

17 2 

16 2 


The following additions were made t cc of f amino acid oxidase, 0 5 cc of 0 1 it 
amino acid, 0 3 cc of concentrated catalase solution prepared from pig kidney, and 
0 1 cc of 95 per cent alcohol Final volume 3 cc , 38° The solutions of the two 
enzymes and the substrate were adjusted to pH 9 0 with dilute alkali 


HjO; formation was apphed repeatedly and always led to an mcrease in 
oxygen consumption wuthout correspondmg increase of NHj production 
(c/ Table III) 

Washed red blood cells have occasionally been used as a source of catalase 
with which to supplement catalase-poor preparations of the Z-ammo acid 
oxidase for experiments on oxygen uptake Durmg these runs the red color 
of hemoglobin w’as replaced by the brown color of methemoglobm Th^ 
oxidation of hemoglobin did not take place m the absence of ammo acid and 
IS undoubtedly attnbutable to HjO* formed dunng the enzymatic oxidation 
of ammo acids by molecular oxygen 

Specificity of l-Amino Acid Oxidase — The enzyme acts on all of t e 
naturally occurring monoaminomonocarboxylic acids except glycme, threo- 
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nine, and senne The dicarboxyhc acids, glutamic and aspartic acids, are 
not attacked nor are the dibasic ammo acids, lysine, ormthme, and argi- 
nine Among the sulfur-contaimng amino acids methiomne is oxidized 
rapidly and cystme very slowly The rapid non-enzymatic oxidation of 
cysteme by oxygen or methylene blue makes it difficult to determme 
whether the enzyme oxidizes cysteme Some sulfur-substituted derivatives 
of cysteme are attacked readdy, e g S-benzylcysteme and S-ethylcysteme, 
but S-carboxymethylcysteme is oxidized very slowly The secondary 
ammo acid, prohne, is oxidized quite rapidly as are all the N-monomethyl- 
ammo acids that have been tested, viz , those of leucine, methiomne, homo- 
cysteme, and S-benzylhomocvsteine 


Table IV 

Relationship between Cham Length and Rale of Oxidation 


1 

Substrate 

No of carbon : 

Oxygen uptake 

atoms 

OOUii 

0 00S6U 

Glycine 

2 


c mm 

dl Alamne 

3 



dl Aminobutj no acid 

4 

11 


dl Aminovalenc 

5 



dl Aminocaproic ** 

6 


25 

dl Anunocapryhc “ 

8 


19 


* Anunocapryhc acid was not sufficiently soluble to test at 0 017 si concentration 
The velocity of anunocapryhc acid at 0 017 ai was calculated from its relative velocity 
at 0 0056 M 


Table IV shows the relationship between velocity of oxidation and the 
number of carbon atoms m the senes of straight cham ammo acids Maxi- 
mum velocity IS attamed at a cham length of 6 carbon atoms with a fallmg 
off below and above this number The msolubihty of higher homologues 
Jii^es it virtually impossible to test the relationship beyond anunocapryhc 
acid 

Mechanism of Reaction — ^Thus far there is no reason to consider the 
mechanism of oxidation as other than the removal of 2 hydrogen atoms to 
form the rmmo acid as postulated for other amino acid-oxidizmg enzymes 
In accordance with this mechanism, N-monomethylleucme m the presence 
of the oxidase yielded the correspondmg keto acid and methylamme The 
latter was isolated and identified m the form of its picrolonate The dehj - 
drogenation of N-methylleucme by an alternative pathway to yield leucme 
And formaldehyde, though theoretically possible, does not occur Thus, 
both Z-ammo acid oxidase and glycme oxidase (5) are completelv analogous 
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in their action on N -methylamino acids N-Dimethylleucme and a-ammo- 
isobutync acid were not attacked, presumably smce imino acid formation 
IS precluded In the case of prohne, no anunoma is hberated dunng the 
oxidative reaction but the ring is opened with formation of both a carbonyl 
and a prunary ammo group The resultmg compound reacts with sulfite, 
contains a free amino group, and forms a 2 ,4-dmitrophenylhydrazone which, 
like dimtrophenylhydrazones of other a-keto acids, gives a reddish brown 
color in strong alkah, and contams a free ammo group Rmg cleavage 
therefore appears to take place exclusively between the hT and the carbon 
atoms of the pyrrolidine rmg 


Table V 


RdaliveVcloctitcs 0 / Oxidation 0 / Amtno Acidsby I- littino -Icid Oxidase of Rat Kidney 


Z-N Methylleucine 

115 

dl Phenylalanine 

45 

1 Leucine 

100 

1 Tryptophane 

40 

dl Aminocaproic acid 

S9 

dl Valine 

28 

dl Methionine 

81 

1 Tyrosine* 

20 

1 Proline 

77 

1 Cystine* 

15 

dl Isoleucme 

71 

1 Histidine 

0 

dl Aminovalenc acid 

53 

dl Aminobutyric acid 

3 


All velocities are expressed as percentages of the velocity of I leucine faten as 
100 The experiments Hero earned out at 38° The final concentration of the sub 
strato lias m/ 60 except tor the ammo acids marked uith an asterisk, the solubility 
of which was not adequate to permit a final concentration of is/00 In these tno 
instances, the relative velocities n ould be appreciably higher u hen corrected for the 
effect of concentration Rato of ammonia production nas used as a direct measure 
of the velocity of oxidation In the case of prohne, the rate of oxygen uptake was 
taken as a measure of the velocity of oxidation, since no ammonia is formed during 
the reaction 

Number of Enzymes — The available evidence is consistent with the as 
sumption that only one enzyme catalyzes the oxidation of the various ammo 
acids listed m Table V m the order of their rates of oxidation Regardless 
of the state of punty of the enzyme from the crudest material to the most 
highly purified enzyme, the list of ammo acids xvhich are attacked does not 
change and the relative rates of oxidation do not undergo significant change 
(c/ Table VI) We have observed mmor vanations m the order of activi 
ties from one preparation to another Most if not all of the vanation is 
related to the diflaculty of pH control The velocity of oxidation is greatly 
dependent upon the hydrogen ion concentration and a difference of 0 1 to 
0 2 pH umt affects the velocity appreciably (c/ Fig 3) Smce each ammo 
acid and each preparation of the enzyme represents a different buffer sys- 
tem, it IS clearly not a simple task to msme that the final pH of the system 




Order of VeloctUci of Oxxdatwn of Am.no Ac.da by Varxoua Preparalion. of l-Amxno Acxd Oxxdaac 
The velocitiee are arranged m order from 1 to 11 with the highcat velocity Hret ^ 
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ammo acid, enzyme, and buffer will be the same from one ammo acid and 
from one senes to another The buffermg effect of each ammo acid can 
readily be corrected for provided an adequate supply of enzyme solution is 
available for prelimmaiy pH measurements Owmg to Imntations of ma- 
tenal this condition could not be fulfilled While the pH control was not 
suflSciently adequate (control withm 0 1 pH umt) to ehminate mmor varia- 
tions m the order of activities, it was adequate for the mam purpose of these 
expenments, which w as to show that the same ammo acids are attacked and 
at substantially the same velocities m preparations widely different m the 
level of punty, method of preparation, and source These results are m- 
compatible with the assumption that more than one enzyme is mvolved 
Another confirmatory bit of evidence is the fact that the ^ammo acid 


TvDLt \II 

Summation of Oxidation of Pairs of -Imino Acids 


Substrate 

Ox>(:cD 

uptale 

Expected 

1 increase ii) 

1 OTVgcnuptaXc 
/ hr per/fci , 
1 summattoQi 

Observed 
mcreise 
m ox> gca 
uptake 

Summation 


c mm 

< mm 

c nm 

ftr cent 

Z-Leucmc 

201 




1 Proline 

116 




Z-N MethyZlcucine 

312 




Z Ethylcysteine 

371 




Z Leucine -(- 1 proline 

187 

116 

0 

0 

“ -h Z-N-methylleucine 

350 


8 

4 

“ + Z-etbylcjstcinc 

31S 

■ ■ 

0 

0 


The above experiments were earned out over a penod of 5 hours at 38° The 
final concentration of each substrate n as m/CO in e\ cry case 


oxidase of rat hver attacks the same ammo acids as its counterpart m rat 
kidney and at matenallj the same rates (c/ Table VI) Were more than 
one enzyme mvolved in the oxidation of the thirteen odd ammo acids, it 
would be all but impossible to find such a parallehsm in mixtures of enzymes 
from two entirely diffeient sources Fmally, no summation of rates was 
observed when vanous pairs of ammo acids were tested as substrates The 
rates were either the same as or shghtly less than the rate of the more 
rapidly oxidized of the pair of ammo acids (Table VII) 

General Properties of l-Avnno Acid Oxidase — The enzyme has the pleasing 
property of mamtammg the mitial velocity of oxidation practically un- 
changed over long penods of tune (c/ Fig 1) In the early phases of the 
mvestigation, when the level of activity was very low, the abihty of the 
enzyme to cany on oxer a penod of 8 hours without senous loss of activity 
made it possible to do many more expenments than the mitial activity ordi- 
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nanly would warrant Figs 2 to 5 summanze the effects of varying the 
concentration of substrate, concentration of hydrogen ion, concentration 



Fig 1 Tune activity curve of f 'amino acid oxidase of rat kidney The manometer 
cup contained 2 cc of enz 3 Tne, 0 5 cc of 0 1 m f-leucine, 0 9 co of 0 25 m dimethylgly- 
cine buffer of pH 8 2, and 0 1 cc of a washed suspension ol sheep red blood corpuscles 
assourceof catalase Final volumes See ,38°,alkaliincenterwell 



molarvty of L M- methyl leu curve 

Fig 2 Rateof oxygen uptake as a function of the concentration off methylleu 

cine Each manometer cup contained 1 5 cc of enzyme, buffered at pH 8 ina 
volume 3 cc , 38°, alkali in center well 


of enzyme, and the temperature on the rate of oxygen uptake 
^d 5 are self-explanatory and need no further comment 


Figs 2,4, 
In Fig 3, 






Fio 3 Rates of otygoa uptake and ammonia production aa a function of pH Each 
manometer cup contained 1 cc of dialyzed enzyme solution, 0 5 co of 0 1 mI N* 
methylleueinojO 5cc of 0 25 u buffer, and 0 5 co of dialyzed catalaso solution Knal 
volume 3 co , 38°, alkali in center n cll The folloa ing symbols indicate the nature of 
the buffer O phosphate, A dimetbylBl> cine The continuous curve represents oxy 
uptake and the broken curve represents ommoma formation The pH values 
> w final values, determined electromotncally 



Iha 4 Rate of oxygen uptake as a function of the concentration of enzyme 

manometer cup contained 1 eo of 0 1 m i N-raethylleucino in a final volume of e 
Alkali in center well, 38°, air in gas space 
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velocity of OMdatioa was measured both by ammonia formation and by 
oxygen uptake The pH maxima are identical at about 10 Above and 
below the maximum pH the velocity of oxidation dechnes sharply It is of 
considerable mterest that the rate of oxidation at pH 7 is about one-tenth 
the ma ximum velocity Below pH 7 the velocity of oxidation is neghgible 



5^0 5 Rate of methylene blue reduction as a function of the temperature Eacn 
Thunberg vessel contained 1 6 cc of eniyme buffered at pH 10 and 0 5 co of f-N- 
methylleucmem the mam tube, and 0 Ico ofO 1 per cent methylene blue m the hollow 
stopper The contents of the evacuated tubes were mixed after complete tempera- 
ture equihbration 

Table VHI summarizes the effects of various inhibitors on the activily of 
Z-anuno acid oxidase Benzoic acid which inhibits completely the action of 
d-ammo acid oxidase (Handler and Bemheim (9)) and glycme oxidase (5) 
in 0 001 M concentration has practically no influence on the Z-oxidase even 
nt 0 01 M concentration 0 01 m KCN which inhibits the aerobic oxidation 
of Z-ammo acids by the oxidase of Proteus imlgans (10) has no effect on the 
Z enzyme of rat kidney either aerobically or anaerobically Similarly, 
cnpryl alcohol which completely inhibits the action of the Z enzyme from 
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Proteus vulgaris has no effect on the I enzyme from rat kidney An inhibi- 
tion which IS pecuhar to the Z-o>ndase of kidney is that by ammonium ions 
The oxidase survives exposure to 60“ for 5 mmutes without appreciable 
loss of activity This fortunate property has been taken advantage of m 
the preparation m order to eliminate impurities by heat denaturation 
Exposure to 70“ for 5 mmutes completely destroys the oxidase 
Nature of Prosthetic Group — ^With progressive purification and concen- 
tration the enzyme solution becomes more highly colored The details of 
the method of punfication null be dealt with in another commumcation 
Our best preparations are intensely yellow with a greenish fluorescence 


t^dle vrir 

Inhibitors of I Ammo Acid Oxidase 


lohibUor 

Fmil concentration 

Inhibi 

tion 

Method of test 

Ammonium sulfate 

u 

0 12 

Ptr cent 

100 

Thunberg 

<( << 

0 OGG 

06 

(» 

(t 

0 035 

79 

(( 

<( (< 

0 012 

CO 

4* 

Copryl alcohol 

Saturated solution 

0 

“ and manometne 

Zinc sulfate 

1 0 001 

5 

tt 

Copper sulfate 

0 001 

•13 

44 

lodoacetic acid 

0 001 

71 

44 

Arsenious ‘ 

0 01 

0 

Manometne 

Sodium fluoride 

0 01 

0 

44 

Malonic acid 

0 01 

0 

44 

Methyltestosterone 

Saturated solution 

0 

1 

a Aminoibobutyric acid 

0 017 

0 

11 

Benzoic acid 

0 01 

2S 

11 

< ( 

0 001 

13 

It 

Potassium ejamde j 

0 002 

0 

“ and Thunberg 


The coloi IS bleached on addition of ISf i S-Oi and restored by shakmg with 
air From data obtained with the ultracentrifuge and the Tisehus appara- 
tus it appears that all the eoloi is associated u ith a smgle protem component 
On addition of Z-leuciiie under inaerobic conditions, the yellow color is 
rapidly bleached just a& bj Xa-S O 4 Admission of air restores the onginal 
color This stiongU suggests that the I enzjme is a chromoprotem with 
the colored piosthetic group undergoing cyclical reduction bj the substrate 
and oxidation by molecular oxygen 

Tests foi the presence ot flavoprotem enzymes such as xanthme ovdase, 
aldehyde oxidase, d-ammo acid oxidase, and glycine oxidase were negative 
These flavoproteins can therefore be excluded from consideration How- 
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e%er, the presence of a diaphorase m the preparation of the f-amino acid 
oxidase has been consistently detected in all stages of purity The con- 
stancy of the ratio of diaphorase activity to l-amino acid oxidase activity 
suggests that the two enzymes are associated ivith the same protem in a waj 
comparable to the chromoprotem of milk which cames three catalyUc 
activities, VIZ , those towards punne, aldehyde, and dihj drocoenzyme I 
respectively ( 11 ) 

experqientai. 

Preparation of Enzyme— Rat kidney and hver were obtamed fresh from 
slaughtered animals and kept frozen on dry ice until required There was 
no evidence of detenoration of the enzyme m tissues which had been kept 
frozen for several months 500 gm of rat kidney had to be proceed to 
obtam about 75 cc of enzyme solution, 1 cc of which takes up about 60 
c mm of 0= per hour m the presence of Meucme The frozen kitoys were 
thawed out. divested of the connective tissue covermg and adhenng fat, 
andmmced m a Warmg blendor m 14 volumes of 15 per cent sodium suhate 
The fine suspension was acidified mth 10 per cent acetic acid to pH 4 5 and 
centrifuged with hard packmg The supernatant fluid w^ discarded and 
the precipitate suspended in half the onginal volume 
phate solution (0 5 m) w as added to brmg the pH to about 8 2 The turbid 
suspension was heated to 55 " and mamtamed for 5 mmuto at that tem- 

perLre The coagulated protein was readily filtered off Sodium sulfate 

(15 gm per 100 cc ) w as added to the clear yeliow-brmvn fluorescent filtmte 
and the pH brought to 4 4 by addition of 10 per cent . 

precipitate was centrifuged dowm and resuspended in t ® , ,v 

volume of water Tnsodium phosphate (0 5 m) was added to mate the 
suspension alkaline (pH 8 2) and the insoluble matena r ug 
discarded For routme expenments, the enzyme u as us a 

^ The above method was not apphcable to the .f^^^rfrom 

oxidase from rat hver nor to the large scale prepara ono rnmced 

rat kidney For these purposes, the frozen tissues *avv ^ 

finely in a Warmg blendor, and poured mto 3 ° acetone on 

- 10“ wnth dry ice The tissue was filtered off and washed w i 

the suction filter It was then dned and pulverized To rern^e the^I^j 

traces of fat the powder was resuspended m anhy ous a ^^20 

temperature, and then w orked up agam mto P®"" r i- jj,gy m the 

gm of acetone powder jneld as much enzyme as ^ 8 “^ fuater and the 

abovemethod The powder was suspended in ^Vr^dil s^- 

mixture filtered The clear red filtrate was then rea e , 

fate (15 gm per 100 cc ) From then on the procedure is iden 
of the above method at the corresponding stage 
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Procedures for Isolation and Estimation of Products of Oxidation 

2 .4- DimtrophenylIiydrasonc of a-Keto-y-methiobutync Acid — Since all 
the keto acid denvatives descnbed below were isolated bv the same proce- 
dure, the following conditions ma> be regarded as bemg typical 35 cc of 
a thnce precipitated, catalase-free, enzyme solution were adjusted to pH 
8 3 with a few drops of 0 5 m alkahne phosphate solution and aerated for 8 
hours at 38° m the presence of 35 cc of 0 1 m dl-methionme Accordmg to 
the oxj'gen consumption m a pilot run 23 5 mg of keto acid should have been 
formed, which corresponds to a maximum yield of 61 mg of 2,4-dmitro- 
phenylhydrazone denvative On completion of the reaction, suSicient 
strong HCl w as added to make a final concentration of 2 n HCl, the solution 
was filtered, and 160 mg of 2,4-dmitrophenylhydrazme dissolved m 8 cc of 
hot 2 N HCl were added The mixture was chilled overmght, the crystals 
were filtered off, dned, and recrystalhzed three times from ethyl acetate by 
the addition of petroleum ether Yield 43 mg , m p 148°, with decomposi- 
tion 

Analysis — CuHuNjOjS Calculated, C 40 2, H 3 68, found, C 40 2, H 3 75 

2 .4- Dinttroplicnylhydrazonc of a-Ketonorcaproic Acid — ^Yield 30 mg, 80 
per cent, m p 142-143°, mth decomposition, uncorrected A meltmg pomt 
of 148° has been reported for this compound (12) but we have observed 
variations with different samples One preparation which melted with 
decomposition at 134-135° at the time of isolation (10), and was analyti- 
cally pure, gave a meltmg pomt of 136-137° after standmg for several 
months Evidently, it was a mixture of two forms (13) and identification 
by mixed meltmg pomt was therefore considered unreliable The sample 
with a meltmg pomt of 142-143° also gave satisfactory analytical figures 

Analysis — CuHuN^Oi Calculated, C 46 5, H 4 55, found, C 46 3, H 4 36 

2 .4- Eimtrophenylhydrazone of a-Ketoisocaproic Acid — ^Yield 15 mg, 70 
per cent, m p 155-158°, with decompoation, uncorrected The mixed 
meltmg pomt with an authentic sample gave no depression 

Analysis — CnHuNiO, Calculated, C 46 5, H 4 55, found, C 45 S’ H4 73 

2 .4- Eintlroplienylhydrazone of a-Keto-S-aminovalenc Acid — Yield 33 mg , 
90 percent This compoimd was obtamed as thehydrochlonde described by 
Krebs (7) It was recrystalhzed three times from 15 per cent HCl, washed 
wnth acid of the same concentration, and dried in vacuo over KOH and 
PiOb 

Anolt/sts— C„Hi,N"iO. HCl Calculated, G 3S 00. H 4 03, found, C 38 01, H 3 Da 

The meltmg pomt, with decomposition, uncorrected, was 219° The mixed 
meltmg pomt with a sample prepared by the action of d-ammo acid oxidase 
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and which had a melting point of 219® gave no depression Krebs (7) re- 
ports 232-242° 

Isolaftoii of Melhylamtne from Emijmaltc Deaminalton of l-N-Meihylleu- 
cine— 34 cc of enzyme solution and 19 cc of 0 1 ai 1-N-methylleucme were 
incubated aerobically at 38° for several hours 0\'ygen consumption as 
detenmned m a pilot run uas equivalent to the formation of 14 6 mg of 
methylamme After removal of protem by the addition of metaphospbonc 
acid to make a final concentration of 1 2 m, alkali was added to the Mtrate 
and methylamme distilled off mto dilute acid Traces of ammoma anamg 
from hydrolysis of protem amide groups were removed ivith 2 gm of HgO 
m borate buffer under the conditions employed by Rechenberger (14) 
Methylamme was estimated m a small ahquot and 12 0 mg found to be 
present The base was agam distilled mto an aqueous suspension contam- 
mg an a\act eqmvalent of picrolomc acid (100 mg ) After the distillate 
w as concentrated, 92 5 mg of methylamme picrolonate w ere obtamed w inch, 
following two reciystalhzations from 95 per cent ethyl alcohol, melted with 
decomposition at 239°, unconected No depression was observed when 
mixed with an authentic sample 

daatysis— C,iH,iOiN j Calculated, N33 7, found, 23 4 

Estimation of Kelo Acid — The contents of each manometer cup, usuaUy 3 
cc , were made up to a volume of 10 cc with 2 M metaphosphonc acid and 
filtered Keto acid was estimated m 1 or 2 cc ahquots of the filtrate by a 
micro adaptation of the sulfite-bmdmg method of Clift and Cook (15) 

An unsatisfactory feature of this method, when apphed to keto acids 
other than pyruvic, is the failure to bmd an exact equivalent of bisulfite 
(16) This IS undoubtedly due to partial dissociation of the sulfite addition 
compound The difficulty was overcome by detennmmg the necessary 
correction factor for each of the keto acids to be estimated For lack of 
pure samples of the keto acid m question, various dZ-amino acids were sub- 
jected to oxidative deamination by d-ammo oxidase at pH 7 6m the pres- 
ence of catalase The theoretical iodine titration value was established by 
agreement between oxygen consumption and ammoma formation The 
correction factor was then determmed by calculation based on the ratio of 
the theoretical lodme titration value to the observed one 

The amount of excess bisulfite influences the dissociation of the addition 
compound and consequently the reproducibihty of the correction factor 
Uniform conditions were mamtamed by addmg an SO- to 100 -fold excess of 
bisulfite to the sample which was then allowed to stand 15 mmutes m stop- 
pered 50 cc Erlenmeyer flasks Before titration the pH of the metaphos- 
phonc acid filtrate (1 2 m) was about 2 The first end-pomt fades rather 
rapidly m the cases of a-keto-d-methylvalenc acid and of «-ketocaproic acid. 
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while the second end-point is unstable for phenylp3Truvic acid The factors 
obtained were a-ketovalenc acid 1 04, a-keto-/3-methylvalenc acid 1 42, 
pyruvic acid 1 02, a-ketocaproic acid 1 10, a-phenylpyruvic acid 1 12, and 
a-ketoisocaproic acid 1 15 In all cases the enzyme blanks contained 
insignificant amounts of keto acid 

Eslimalion of Ammonia — 1 or 2 cc ahquots of the metaphosphonc acid 
filtrate were used for estimation of ammonia by the micro aeration method 
of Sobeb or by nucro-Kjeldahl distillation The \ olatile base was collected 
m bone acid and titrated ivith n/ 70 HCl m the micro-Scholander burette 
(17) Loss of NHj, when formed enzymatically m solutions more alkahne 
than pH 8, was prevented by inserting 2 m metaphosphonc acid m the side 
arm of the Warburg cup A small amount of NHj is always found m the 
blanks even after prolonged dialysis of the enzyme solution It undoubt- 
edly arises from hydrolysis of amide linkages of the protem durmg meuba- 
tion All ammonia values are corrected for the blank which was usually 
found to be approximately 2 to 3 micromoles 

Preparaiton of Amino Acids — <ZZ-N-Dimethj lleucme, S ethyl-Z-cysteme, 
and S-ben^l-Z-cysteine iv ere prepared by the usual procedures d-Metbio- 
nme was made by enzymatic resolution, Proteus vulfjans being used to re- 
move the natural component (10) 

We are indebted to Dr V duVigneaud for the N-monomethjl derivatives 
of (ZLmethiomne, dZ-homocysteme, and S-benzyl-dZ-homocysteme, to Dr 
K Bloch for preparations of Z- and cZ-phenjlaminobutync acid, and to Dr 
M Stetten for dZ-prolme 

Synthesis of l-N-Methylleucme — ^This compound was prepared by the 
methylation of p-toluenesulfonyl-Z-leucme, followed by hydrolytic removal 
of the toluenesulfonyl group The method of synthesis was essentially like 
that of Fischer and Lipschitz (18) axcept that dimethyl sulfate instead of 
methyl iodide vv as used as the methylating agent 25 gm (0 088 it) of 
p-toluenesulfonyl-Z-leucme were suspended m 100 cc of water and brought 
mto solution by the addition of 75 cc of 2% NaOH 21 4 cc of dimethyl 
sulfate (0 23 m) were slowly added with continuous stimng for 2 hours, 
durmg which penod 65 cc of 2 n NaOH were reqmred to mamtam an alka- 
hne pH Stunng was contmued for another hour The methyl ester of 
p-toluenesulfonyl-Z-N-methylleucme separated out as an oil but soon 
crystalhzed It was recrystalhzed from hot 50 per cent ethy'l alcohol 
Yield 85 per cent, m p 75-76°, uncorrected 

CiiHa 04 NS Calculated, (Ivieldahl) 4 47, found, 4 50 
[a I d = -31 6° (3 3% in 95% ethyl alcohol) 

17 gm of the methyl ester were mixed with 42 cc of concentrated HCl and 
60 cc of glacial acetic acid and heated for 24 hours at 100° m sealed tubes 

* Sobel, E , personal communication 
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The niEcture was then concentrated to a syrup in vacuo to remove excess 
acid The residue was taken up m water and extracted with ether The 
aqueous layer was concentrated to 12 cc , neutrahzed with pyndine, and 
treated with 3 volumes of alcohol f-N-Methylleucine ciyst^zed out on 
chiUmg and was recrystalhzed from aqueous acetone The yield after two 
reciystalhzationa was 31 per cent N (ICjeldahl), found 9 35 per cent, the- 
ory 9 41 per cent [alo* = -h 20 1° (3 5 per cent in HjO) 20 per cent of the 
startmg matenal remamed unhydrolyzed under the above conditions but 
to avoid racemization longer heating was considered inadvisable 

We are very greatly mdebted to Merck and Company, Inc , the Lederle 
Laboratones, Inc , the Schenng Corporation, E R Squibb and Sons, 
Ell Lilly and Company, Parke, Davis and Company, and Ho£fmann-La 
Roche, Inc for their generosity m collecting, storing, and shippmg large 
numbers of frozen rat kidneys without which this mvestigation could 
not have been prosecuted 


SUMMARY 

The preparation and some of the properties of the Lammo acid oxidase 
of rat kidney and hver are descnbed The enzyme catalyzes the oxidation 
of the I forms of leucme, phenylalanine, norleucme, norvalme, isoleucme, 
vahne, cystme, histidine, tyrosme, methiomne, alamne, and tryptophane to 
their correspondmg keto acids and ammoma N-Methylleucme is oxidized 
to the correspondmg keto acid and metbylamme In the case of prohne, 
the pyrrohdme nng is spht open oxidatively with formation of a-ammo-5- 
ketovalenc acid without hberation of ammoma In the catalyzed reaction 
of amino acids with molecular oxygen, 1 molecule of oxygen is taken up for 
each molecule of ammo acid oxiized with formation of 1 molecule each of 
keto acid, ammoma, and hydrogen peroxide In the presence of catalase 
only 1 atom of oxygen is taken up for each molecule of ammo acid oxidized 
Methylene blue can replace oxygen as hydrogen acceptor The available 
evidence is consistent with the assumption that only one enzyme catalyzes 
the oxidation of the thirteen Z-ammo acids The separation of Z- from d- 
animo acid oxidase is readily efiected Thus far rat kidney and hver have 
been found to be the only satisfactory sources of the I enzyme 
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A STUDY OF THE VARIOUS PROCEDURES FOR THE 
ESTIIMATION OF TRYPTOPHANE 
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As early as 1928 there was occasion to study the tryptophane content of 
gram curd casern after treatment with acetic acid, alcohol, and ether and 
diymg at a temperature of 85“ Comparison of the treated casein with the 
ongmal matenal shoued that the cystme and tryptophane content had 
apparently decreased The procedure employed for estimating the trypto- 
phane was that of May and Rose (1) as modified by Holm and Greenbank 
( 2 ) 

Smee this procedure required from 8 to 10 days for a determination, a 
modification was mtroduced m order to shorten the time required In this 
modification, the May and Rose (1) procedure was carried out at 85“ for 15 
mmutes and the color development was accelerated by the addition of 0 2 
cc of a 0 3 per cent solution of hydrogen peroxide 
Subsequently Sulljvan, Milone, and Eventt (3) made a comparison of the 
short method ivith hydrogen peroxide as accelerator with the long May and 
Rose procedure By comparmg the apparently stable color given by the 
tryptophane standard m the May and Rose procedure ivith that given by 
casern, they concluded that casern contamed 2 4 per cent tryptophane and 
that the short and the long procedures gave the same blue color with casein 
quahtatively and quantitatively In the short method at elevated tem- 
perature, tryptophane cannot be used as a standard because of the destruc- 
tive action of the peroxide 

However, at the completion of the work of Sulhvan, Milone, and Eventt, 
Bates (4) reported a modification of the May and Rose procedure whereby, 
with sodium mtrate as an accelerator, the tryptophane content of proteins 
can be deteimmed very speedily at room temperature Employing Bates 
procedure on casern, we found a tryptophane content of 1 25 per cent This 
value was obtamed by the use of a cobalt blue filter to offset the more or less 
reddish tone of the tryptophane standard We were doubtful of the valid- 
ity of the low results ivith the Bates method not only because of the use of 
the filter but also because higher values had been reported in the literature 
both by isolation and by colonmetnc estimation 
Tryptophane reacts ivith various aldehydes to giv e colored complexes on 
nuld oxidation Usmg formaldehyde as a condensmg agent, Furth and 
Nobel (5) found 1 94 to 2 25 per cent tryptophane in casein, and Furth and 
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Lieben (6) found 2 per cent Using p-dimethylaminobenzaldehyde, 
Thomas (7) found 1 7 per cent, Hohn and Greenbank (2) 2 24 per cent, 
Komm and Bohnnger (8) 2 3 per cent, and Jones, Gersdorff, and Moeller 
(9) 2 2 per cent By isolation, Hopkins and Cole (10) obtamed 1 5 per cent 
and Dakin (11), after isolation by butyl alcohol extraction, 1 7 per cent 

On the other hand, a number of mvestigators have reported low trypto- 
phane values m casern Thus Fasal (12) reported 0 65 per cent, Herrfeld 
(13) 0 5 per cent, Homer (14) 0 99 to 1 59 per cent, and Luscher (15) 1 1 
per cent More recently Virtanen and Lame (16), following the Winkler 
(17) procedure m which tryptophane is allow-ed to react with glyoxyhc acid 
m the presence of copper sulfate, reported 1 2 per cent m casern and Shaw 
and McFarlane (18) found 1 19 per cent colonmetncally and less than 1 per 
cent by isolation Hobday (19) by a spectrophotometnc method calcu- 
lated that casern contains about 1 per cent tryptophane 

There has thus for years been a wide divergence of finthngs as to the 
tryptophane content of casern, with values rangmgfrom 0 51 to 2 4 per cent 
The cause of the vanation probably hes m the high reactivity of trypto- 
phane — its sensitivity to excess of reactants and the oxidizmg agents which 
have been used, the ease of destruction of tryptophane blue by oxidation, 
the different rates of color development of free tryptophane and tiypto- 
phane m casern, and the varymg tunes at which color gompanson has been 
made Because of our earher findmgs with the Bates procedure (4), and of 
the results of Virtanen and Lame (16), and of Shaw and McFarlane (IS) 
who, with glyoxyhc acid as reactant and copper sulfate as oxidant, ob- 
tamed only 1 2 per cent tryptophane, we have reinvestigated the question 
of determimng tryptophane not only m casern but also m other proteins 

In our early work (3) and m the corroboratmg w ork of Milone and Eventt 
(20) wnth a number of proteins, attention was called to the fact that by 
treatmg protem ivith p-dimethylammobenzaldehyde m 20 per cent hydro- 
chlonc acid, warmmg, and oxidizmg wuth dilute hydrogen peroxide, the 
same value was obtamed as by the long May and Rose (1) procedure ear- 
ned out at 37° without the use of hydrogen peroxide The short method 
we regarded as a time saver, but considered also that the Bates procedure 
was prefe-T.b’“, smee the reactions were earned out at room temperature 
By modifymg the Bates procedure so that dilution to volume was made 
mth 10 to 20 per cent hydrochlonc acid, tiyptophane could be used as a 
standard A further improvement was the use of the lOett-Summerson 
photoelectric colorimeter instead of the visual colorimeter With this 
instrument, changes in the color could be readilj’’ followed over a penod of 
time The casern employed was made accordmg to the directions of Van 
Slyke and Baker (21) 

With the use of the May and Rose procedure wath the lUett-Summeison 
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colorimeter, Filter 54, it rvas found that tiyptophane gave a mnyunuTn blue 
color within 3 days, which then decreased to a plateau that was stable from 
the 6th to the 7th day Casern on the other hand slowly increased m color 
and reached a maximum in 5 days, which stayed practically constant for 4 
more days If the maximum i ending of the casern color was compared with 
the low relatively stable reading of the tryptophane color, the tryptophane 
value of casern could be estimated to be from 2 to 2 21 per cent, corrected 
for moisture and ash However, if the maximum for the tiyptopbane and 
the maximum for the casern weie taken as companson points, the trypto- 
phane content of casern was found to be 1 37 per cent This value is too 
high, smce the first readings weie made after 3 days standing, when the 
readmp for the tryptophane were gomg down and those for the casern were 

still increasing 

This procedure is essentially that of May and Rose as modified by Holm 
and Greenbank and used by Sulhvan, Milone, and Eventt By use of the 
photoelectnc colorimeter, it became evident that the tryptophane color is 
slowly destroyed by oxidation in air, while the tryptophane color m the 
casern is not so destroyed 

Several experiments were made with use of the short procedure of Sulh- 
van, Milone, and Eventt but at room temperature and wth the use of 0 1 
cc of 0 3 per cent hydrogen peroxide, a 15 mmute mterval bemg allowed 
before the first readmg Dependmg on whether color companson was made 
at the maximum readings m the tryptophane standard and m the casern 
solution or at a later relatively stable level, varymg results were obtamed 
The companson at the maximum readmgs gave a value of 1 77 per cent 
tryptophane m casein, the stable levels 2 5 per cent 

On the assumption that m this procedure the tryptophane had passed its 
maximum m the 15 mmute wait before the first colonmetnc leading, which 
was the highest, the experiment was repeated ivith a shorter penod of 
waitmg, the readmgs bemgbegun as soon as the peroxide was added In the 
case of free tryptophane, a readmg of 316 was obtamed withm 3 nunutes, 
which then fell off rapidly to a plateau To come to a max imum plateau the 
casern required 3 to 6 horns, dependmg upon the room temperature When 
the maximum readmgs m both cases were employed for the calculation, 
there was found for casern a value of 1 15 per cent tiyptopbane after correc- 
tion for moisture and ash To answer the question whether the trypto- 
phane content of casern is 2 5 or 1 2 per cent other procedures n ere em- 
ployed 

Bales 4) Procedure— To 50 mg of casern m 2 cc of 0 1 n sodium hydrox- 
ide were added 0 5 cc of the p-dimethylammobenzaldehyde reagent, 0 2 
cc (2 mg ) of NaNOj (the NaNOa contams a trace of NaN Oj), and 25 cc of 
concentrated hydrochloric acid After color development for 15 to 20 
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minutes, we modified the Bates procedure by dilutmg to 50 cc with 17 5 
per cent hydrochlonc acid instead of ivith water, and read in the photoelec- 
tric colorimeter against tryptophane similarly treated The average of 
seven determinations by the Bates short procedure as thus modified was 117 
per cent tryptophane m casern, corrected for moisture and ash 
Sliaw and McFarlane (18) Procedure — ^The Shaw and McFarlane proce- 
dure was slightly modified as follows To 1 cc of a 0 5 per cent solution of 
casein m 1 0 N sodium hydroxide and to the standard tryptophane solution, 
of which 0 5 cc contained 0 05 mg , in an ice bath were added 0 5 cc of 
freshly made glyoxyhc acid solution (prepared accordmg to Shaw and 
McFarlane (18)) and 0 4 cc of 0 4 m copper sulfate solution and ivater to 3 
cc The mixture was cooled m ice water and 5 cc of concentrated sulfunc 
acid were added, 0 5 cc at a time so that no nse in temperature occurred 
After standmg for 10 minutes in the ice bath, the mixtures were heated for 
5 mmutes m a boding water bath, cooled, and diluted to 10 cc with ap- 
proximately C5 per cent sulfunc acid The tryptophane found after deduc 
tion of a casern blank was 1 26 per cent, corrected for moisture and ash 
With omission of the glyoxyhc acid we founda blank readmg for both trypto- 
phane and casern If the blank was deducted for tryptophane as well as for 
casern, the tryptophane content of casein became 1 5 per cent 
Fohn-Ctocalleu (22) Procedure — ^Fohn and Ciocalteu estimated trypto- 
phane by the color produced by their phenol reagent and reported a trypto- 
phane value of 1 4 per cent in casern Using this procedure on our casein 
and using the photoelectric colorimeter, we obtained a value of 1 28 per cent 
tryptophane, corrected for moisture and ash 
The four different procedures thus gave approximately the same value for 
the tryptophane content of casern (a) the color generated by the reaction of 
casein with p-dimethylanunobenzaldehyde and with hydrogen peroxide as 
accelerator, the maximum color values being compared, gave 1 2 per cent, 
(b) the Bates procedure with sodium mtrate as accelerator gave 1 2 per 
cent, (c) the Shaw and McFarlane, 1 26 per cent, (d) the Folm-Ciocalteu 
1 28 per cent Accordingly it would seem that the tryptophane content of 
casein is 1 2 to 1 3 per cent 

The higher values by the May and Rose procedure as employed by various 
investigators, who found 2 per cent and over of tryptophane m casern, are 
doubtless due to the fact that comparison of the color generated by fi^ 
tryptophane as a standard and by the tryptophane of the casern was made 
after the tryptophane standard had passed the maximum of color develop- 
ment When comparison is made of the maximum readmgs for free trypto- 
phane and for casein, the result obtamed is approximately 1 2 pw cen 

tryptophane in casein , 

Tryptophane Content of Various Prefews— Bmca there was substan 
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agreement m the results of the estimation of tryptophane in casern by a 
number of different methods, a study was made of the tryptophane content 
of squash seed globulin prepared by the method of Vickeiy, Smith, Hubbell, 
and Nolan (23), of ciystallme egg albumin prepared by the method of 
Kekwick and Caiman (24), and of pepsin prepared by the procedure of 
Philpot (25) 

Two procedures were employed, the Bates short procedure and that of 
Fohn and Ciocalteu Both of these methods are good but that of Bates is 
preferred, bemg more rapid and simpler These methods were applied (1) 
to the unhydrolyzed protem, (2) to the protein hydrolyzed for 18 to 24 
hours with 20 per cent sodium hydroxide, and (3) to the protems hydrolyzed 
for 4 hours i\ ith 20 per cent hydrochloric acid con taming butyl alcohol 


Tabll I 

Percentage Content of Tryptophane in Casein, Sgnash Seed Globulin, CrystalUne Egg 
Albumin, and Crystalline Pepsin by Bates and F olin-Ciocalteu Procedures 


Protem 

Unbxirolyzcd I 
protem ! 

Sodium bydro.Tide hydrolysate ^ 

Acid 

hydrolysate 

Bates 

Bates 1 

1 FoJm Cjocaltcu 

Bates 

Casein 

1 17 



■H 

Squash seed globulin 

1 69 



BIH 

Egg albumin 

1 23 




Pepsin 

2 25 



I 121 


Alkah Hydrolysis — A mixture contaimng 100 to 500 mg of the protein, 
10 cc of 20 per cent sodium hydroxide, and 1 0 cc of butyl alcohol was 
heated for 18 hours at 125°, cooled, and acidified ivith 7 5 cc of 14 N sulfunc 
acid, diluted to 50 cc with water, and filtered Ahquots, 5 cc for the Bates 
procedure and 8 cc for the Fohn-Ciocalteu procedure, were employed 
And Hydrolysis — mixture of 100 to 200 mg of protein, 200 mg of urea, 
2 cc of 20 per cent hydrochloric acid, and 1 cc of butyl alcohol was heated 
for 4 hours at 125-130° with a stream of mtrogen passmg through the solu- 
tion On be ng cooled, the solution was brought to pH 3 5 and made to 20 
cc with water A 5 cc ahquot was analyzed by the Bates short procedure 
The findmgs, based on two to six determinations m each case, are given 
m Table I The values are corrected for moisture and ash 

In the acid-hydrolyzed protem, much less tryptophane was found than 
m that hydrolyzed by alkali or in the unhydrolyzed protem, possibly because 
of destruction by the acid of the bound tryptophane Pure tryptophane 
similarly hydrolyzed for 4 hours suffers no apparent loss masmuch as the 
same colonmetnc reading is obtained both with and without acid treatment 
However, practically the same tryptophane values are obtained from the 
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unhydrolyzed protem as from the protein hj drolyzed for at least 18 hours 
with 20 per cent sodium hydroxide with both the Bates and the Folm- 
Ciocalteu procedures 

SUMMAKA 

The great divergence among findings of the tiyptophane content of 
casern, with values rangmg from 0 51 to 2 4 per cent, is due mainly to the 
different rates of color development of free tryptophane and tryptophane 
combined in the protein The values of 2 per cent and more result from 
companson of the color generated by the standard and unknmvn at points 
other than those at which color formation is ma\imum 
By employing p-dimethylammobenzaldehyde and usmg the maximum 
readings m the Klett-Summerson photoelectric colorimeter. Filter 54, the 
tryptophane content of casern was found to be betn een 1 2 and 1 3 per cent 
These values were corroborated by four different procedures Of these pro- 
cedures that of Folm and Ciocalteu and a modification of that of Bates nere 
found especially satisfactory, mth preference given to the latter on grounds 
of simphcity Both yield concordant values respectuely for casern, 
squash seed globulm, and pepsin 
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NATURALLY OCCURRING GLYCEROL ETHERS 

II SYNTHESIS OF SELACHYL ■VLCOHOL* 
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Ihe occurrence of at least three a-glycerol ethers, batyl alcohol, chunyl 
alcohol, and selachyl alcohol, in the unsaponifiable mattei of oils from vari- 
ous marme animals, especially fish liver oils, has been well established (2) 
Recent!}' bat} 1 alcohol has been isolated also from other sources, which 
makes it appear that glycerol ethers occur much more ividely m the animal 
organism than was ongmally suspected Ivmd and Bergmann (3) obtamed 
the alcohol from the unsapomfiable matter of the reef-buildmg gorgonia, 
Plexaura flexuosa Bergmann and Stansbury (4) demonstrated that 
“astrol,” isolated by Kossel and Edlbacher as early as 1915 (5) from the 
starfish, Asleriaa rubens, is identical wth batyl alcohol The isolation of 
batyl alcohol from the yellow bone marrow of cattle by Holmes, Corbet, 
Geiger, Komblum, and Alexander (6), from the spleen of pigs by Prelog, 
Rusicka, and Stem (7), and from arteriosclerotic artenes of human beings 
by Hardegger, Ruzicka, and Tagmann (8) proved the occurrence of this 
t}pe of substance also in higher animals 
Both enantiomorphs of batyl alcohol and chimyl alcohol were synthesized 
in this Laboratory several years ago (1) by condensation of the sodium 
salts of d(-l-)-acetone gl}cerol and I(— )-acetone glycerol with n-octadecyl 
iodide and n-hexadecyl iodide and subsequent removal of the protectmg 
acetone group by acid hydrolysis d-a-(n-Octadecyl) glycerol and d-a- 
(n-hexadecyl) glycerol prepared from f(— )-acetone glycerol were found 
to be identical with natural batyl alcohol and chimyl alcohol respectively, 
thus provmg for both natural products the d configuration On catalytic 
reduction of selachyl alcohol d-batyl alcohol was obtamed (9) Selachyl 
alcohol, therefore, also belongs to the d senes The stenc relationship of 
these ethers was assigned accordmg to the pnnciple used for the classifica- 
tion of a-monoglycendes (10) and glycerophosphates 
Although the constitution and the configuration of the natural selachyl 
alcohol were proved beyond doubt, we felt that its synthesis was desirable, 
smce, m analogy to the ivide-spread and plentiful occurrence of oleic aci 
in nature, it seems to occur much more widely than any of the other glycero 

* First communication, “Configuration of the natural, batyl, chimyl, and aela 
chyl alcohols,” ( 1 ) 
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ethers The synthesis was earned out on lines similar to that of batyl and 
chimyl alcohol (1) e\cept that we preferred to use oleyl-p-toluenesulfonate 
instead of the halogen denvatives of oleyl alcohol The p-toluenesulfonate 
was chosen because it can be readily prepared -without affecting 
the ethylemc Imkage, reacts more readily than the correspondmg halogen 
derwatives (11), and any unchanged material is easily separated The 
oleyl-p-toluenesulfonate -was prepared m the usual nay (11) from ole>l 
alcohol which had been carefully purified by low temperature crystalhza- 
tion from acetone and fractional distillation m a high vacuum, smee the 
success of the synthesis depends on the use of pure oleyl alcohol The 
oleyl-p-toluenesulfonate reacted readily ivith the sodium salts of d(+)-, 
f(— )-, and df-acetone glycerol (A) m boilmg glycol dimethyl ether, form- 
mg the acetone compounds of the three selachyl alcohols These com- 
pounds were isolated in pure form m yields of from 64 to 67 per cent Re- 
moval of the protecting acetone group by hjdrolysis mth SO per cent 
acetic acid at S0° (B) yielded the pure d- and Z-selach>l alcohol, mp 
48 5-49 5°, and df-selachyl alcohol, m p 46 5-47 5“ 


CHjONa 

I 


H,C OCH 

\/ 

C 

H,C OCH, 


-1- CuHuO SO, CtHt 


(A). 


Sodium salt of f(—) -acetone glycerol 


CH, O CijHm 


H,G OCH 

\ / 

C 

/ \ 


H,G OCH, 


CH, 0 CuHa* 
(B) I 

+ NaOSO, CiH, HO— C— H 

I 

H,COH 

d-Selachyl alcohol 


The good agreement of the rotations of the natural selachyl alcohol 
([“Id = 5°, m substance, Toyama (9)) and its acetate ([oilL = 

—8 6°, m substance (9)) with the rotations of the synthetic selachyl alco- 
hol ([alo = “"i 35°) and its acetate ([a]“ = —8 6°) denved from f(— )- 
acetone glycerol confirms our earher inference (1) that the natural selachyl 
alcohol also belongs to the d senes 

Selachyl alcohol has been isolated from natural sources so far only as an 
oil The fact that the alcohol is accompamed m nature by both saturated 


•Please note that m the paper by Baer and Fischer ((1) p 399, below the for- 
mula) R should read for selachyl alcohol Cj,Ha and for batyl alcohol CnHn 
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ind highly unsaturated related compounds might be lesponsible for the 
failure to obtam it m the crystalline state Our synthetic selachyl alcohols 
prepared from highly purified oleyl alcohol crystallized readily To rule 
out the possibihty of elaidmization oleyl alcohol was subjected to the condi- 
tions of the synthesis It was found that oleyl alcohol remamed essen- 
tially unchanged This, along with the fact that sodium alcoholates do 
not bnng about elaidization (12), assured us that no cis-irans isomenza- 
tion occurred durmg the s 3 mthesis and that our synthetic products are pure 
a-oleyl glycerols 

Beyond the fact that the a-glycerol ethers have been isolated from the 
most diverse sources nothmg is known so far about their biological signifi- 
cance or how they are formed m metabohsm It is conceivable that these 
ethers are formed from phosphatidic acids (I) m the follo-vvmg way In the 
fiist step these acids rearrange to form a “hemiorthoester” (II) This 
tjTie of compound was already suggested by E Fischer, Bergmann, and 
Lipschitz (13) to play a r61e in the acyl migration of depsides and glycendes 
and has been S 3 mthesized later by Hibbert and Greig (14) The reduction 
of (II) leads to plasmals (III) whose existence has been discovered by Feul- 
gen, Imhauser, Behrens, and Grunberg (15) The reduction of plasmals 
and subsequent removal of phosphonc acid yield (IV) and (V) 

The fact that natural a-glycerophosphonc acid belongs to the I senes 
(16), and that the glycerol ethers, as far as they have been investigated, 
belong to the d senes (1), is m agreement with the hypothesis and prompts 
us to propose this tentative scheme for the formation of a-glycerol ethers m 
nature 


K— C— 0— CH, 

II I 

0 HOC— H 


R— G— 0— CH, 
H O— CH 


CH,— OPO,H, 
( 1 ) 


■ R— C— 0— CH, 
HO 0— CH 


H, 


CH,— OPOiHjJ 
(ID 

R — CH, — 0 — CH, 

H I 

HOC— H 


CH,- OPOiH, 
(lU) 


CH,— OPO.H, 
(IV) 


R— CH,— O— CH, 
HO— C— H 

I 

CH,OH 


(V) 
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EXPEIUMENTAL 

Purification of Oleyl Alcohol — Oleyl alcohol was prepared by high pres- 
sure reduction of methyl oleate The crude oleyl alcohol (lodme number 
83 5) contamed approximately 16 to 17 per cent of saturated alcohols 
(mamly cetyl alcohol) and about 6 per cent of more highly unsaturated 
alcohol (Imoleyl alcohol) The accompanymg substances uere removed 
by low temperature crystalhzation from acetone accordmg to the proce- 
dure for the purification of oleic acid developed by Brown and Shmowara 
(17) and Wlieeler and Riemenschneider (18) The crystalhzations and 
filtrations were earned out m a straight walled separatory funnel which 
was surrounded by a bath filled with a freezmg mixture of smtable tempera- 


Table I 

Progress of Punficaiion of Oloyl Alcohol 


Fraction Vo 

Weight 

Iodine No 
Wijt JOmia 

B 





! 


1 

Cetyl alcohol 

i 

0 0 

2e 1 

BB 

2 

Kcaidue* from 2nd mother liquor I 

8 0 

123 0 

BH 

3 

“ “ 3rd “ 

41 

2 4 

105 7 


4 

“ “ 4th “ 

«« 

1 24 

96 5 

1 4610 

5 

« .. gtU 

<( 

0 95 

91 8 

1 4600 

6 

Oleyl alcohol fraction 


27 1 

87 3 

1 4592 


• Fractions 2 to 5 were obtained on evaporation of tbo mother liquors of the four 
recr>stalhzation3 at —00° 


ture The funnel contamed a filter plug of glass wool held down by a 
perforated porcelain plate wrapped m filter paper 

A solution of 50 gm of crude olc>l alcohol m 475 cc of acetone was 
transferred to the low' temperature crystalhzation apparatus and kept at 
—20° to —25° Cetyl alcohol ciystalhzed out After standmg for 1 5 
hours at this temperature, mth occasional stirrmg, the mixture was filtered 
with suction and the cetyl alcohol washed three times with 20 cc portions 
of cold acetone (—25°) The filtrate and washmgs were made up to 500 
cc , if necessary, transferred to the crystalhzation apparatus, cooled to 
— 60° with frequent stirrmg, and kept at this temperature for 1 hour The 
mother liquor was sucked off and the oleyl alcohol was washed on the 
filter three times with cold acetone (—60°) The filtrate and washings 
contained the more highly unsaturated alcohohe fraction which was re- 
covered and analyzed The oleyl alcohol w’as washed through the filter 
with warm acetone and the solution made up to 500 cc The crystalliza- 
tion from acetone at —60° was repeated three times Table I gives the 
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weight, iodine number, and refractive index of the material removed dunng 
the first part of the puiification of the crude oleyl alcohol 

From the data piesented it is evident that the oleyl alcohol (Fraction 6) 
has been freed from the linoleyl alcohol but still contains approxunateb 
8 per cent of cetyl alcohol which could not be removed by crystalhzation 

For further purification 55 gm of Fraction 6 were fractionally distilled 
through a 55 cm column of 17 5 mm mtemal diameter, packed wnth glass 
cyhnders (6X6 mm) The column which was surrounded bj a well 
insulated jacket was heated electricallj o\er its entire length The head 
was of the total condensation vanable take-off type To prevent excessive 
bumping glass wool was used ‘ 

The temperature of the jacket and the od bath was so adjusted that the 
bottom of the packing was shghtly flooded 20 per cent of the weight of 
the atartmg material, approximately 2 5 times the amount of cetyl alcohol 
calculated to be present, was taken as precursor (b p 143°, 0 9 mm ) 
The first portion of the precursor contamed so much cetyl alcohol that m 
order to prevent its solidification the still head had to be shghtly warmed 
The oleyl alcohol fraction which came over next boiled m a vacuum of 0 5 
mm at 145-146° The oleyl alcohol was a colorless and odorless oil 
Yield 25 gm , n” = 1 4582, nf = 1 4606, nj,® = 1 4622, ^“5 = 0 842, 
mp 5 5-7 5° lodme number (semimicro, Hanus, 30 mmutes), calculated 
94 5, found 94 1 The punty of the oleyl alcohol thus prepared is 99 7 
per cent, and is greater than any reported so far m the literature (19) 

Oleyl-p-toliienesulfonale — To a solution of 26 8 gm (0 1 mole) of oleyl 
alcohol m 32 cc of dry pyndme were added with stirrmg over a penod of 
30 mmutes 20 9 gm (0 11 mole) of pure p-toluenesulfonyl chlonde and 
the stirrmg was contmued for at least 3 hours, the temperature bemg 
mamtamed between 10-20° To destroy the excess of acid chlonde 1 cc 
of water was added and the mixture was allowed to stand overnight 250 
cc of ice-cold 2 5 N HCl were added and the oleyl-p-toluenesulfonate was 
separated by gently swirlmg^ the aqueous layer wnth several portions of 
peroxide-free ether The combmed ether extracts were washed twice 
with a saturated sodium chlonde solution, saturated sodium bicarbonate 
solution, and water, and dned with sodium sulfate When the ether was 
distilled off and the last traces of the solvent removed tn vacuo at 100 , 38 3 
gm (90 5 per cent) of crude oleyl-p-toluenesulfonate were obtamed ^Yhe 
ester was reciystallized from 50 cc of petroleum ether (b p 40-60°) at 

— 30°, 3neldmg 26 6 gm (70 per cent) of pure p-toluenesulfonate Thesub- 

^ The glass joint was lubricated with a water suspension of aquadag (colloidal 
graphite) 

* In order to avoid the formation of stable emulsions 
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stance was obtained m fine, white crystals with a meltmg point of 18 5- 
19 5°, Tio”® = 1 4885 The ester is not distillable 

CaH4,0,S (422 7) Calculated, S 7 68, found 7 53, 7 60 

Oleyl PyndiniUTn-p-toluenesulfonale — mixture of 5 0 gm of oleyl-p- 
toluenesulfonate and 1 05 gm of dry pyridme was kept at 130° for 2 hours 
The solution of the semisohd reaction mass m 15 cc of boihng acetone 
yielded on coolmg 5 0 gm (84 2 per cent) of the pyndmium compound, 
which after repeated crystalhzation from acetone melted at 123-124 5° 
(corrected) 

CjsH.jOjSN (501 8) Calculated, S 6 39, N 2 79, found, S 0 46, N 2 79 

Oleyl-P-naphlhylurethanc^ — solution of 0 51 gm of oleyl alcohol and 
0 32 gm of /3-naphthyl isocyanate* m 5 cc of dry benzene was refluxed for 
2 hours The solution was freed from dmaphthylurea and evaporated to 
dryness tn vacuo The residue (0 69 gm , 83 5 per cent) was crystallized 
five times from ethanol to a constant meltmg pomt M p 46-47“ (Andr6 
and Franjois (20) reported 44-45“ ) 

Ci^mOjN (437 6) Calculated, N 3 20, found, 3 16 

d(-l-)- and l{—)-Acelone Glycerol — ^Both substances were prepared ac- 
^ordmg to the simplified procedure reported by us for the preparation of 
(l!(-l-)-acetone glycerol (21), however, we used for the reduction of the ace- 
tone glyceraldehydes the more readily obtamable Kaney’s mckel instead 
of Rupe’s nickel catalyst The specific rotation of both acetone glycerols 
was m general between ±14 6“ and ±14 8“ 

Acetone Compound of d-Selachyl Alcohol — ^The preparation of the sodium 
salt of !(—) -acetone glycerol was earned out m a 250 cc flask with standard 
tapers m an atmosphere of pure nitrogen 

50 0 cc of a molar solution of sodium naphthalene m glycol dimethyl 
ether were prepared according to the directions of Scott, Walker, and 
Hansley (22) Into this solution, cooled ivith water, was run with stirrmg 
a solution of 7 26 gm of freshly prepared J(— )-acetone glycerol m 15 cc 
of dry glycol dimethyl ether and the stirrmg contmued imtd the formation 
of the sodium compound of acetone glycerol was completed, which was 
indicated by the disappearance of the green color A solution of 21 1 gm 
of oleyl-p-toluenesulfonate m 50 cc of glycol dimethyl ether was added and 
the rmxture was gently refluxed for 24 hours The sodium p-toluenesul- 

« This compound was reported by Andr6 and Frangois (20) without any expen- 
mentol details being given 

* The commeroially available /3 naphthyl iBoeyanate contains various 
of symmetrical dmaphthylurea A separation of both compounds is easily etteo e 
with anhydrous ether 
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fonate was removed, the solvent was distilled off, and the residue was 
gradually heated to a temperature of 160° (bath) m a vacuum of 10 to 15 
mm m order to remove most of the naphthalene and dihydronaphthalene 
The remammg light brown oil was taken up m ether The solution was 
washed three tunes with water, dned over sodium sulfate, and agam con- 
centrated For further purification of the crude material, which still con- 
tamed naphthalene, dihydronaphthalene, and oleyl-p-toluenesulfonate, it 
was found advantageous to distil the mixture first m a molecular still (23) 
The distillation was carried out at a speed of 1 drop per 15 to 20 seconds 
m a vacuum of 1 X 10~’ mm and at 85-90° (air bath) The product, now 
free from the non-distiUable sulfonate, but still containmg traces of both 
naphthalenes, was fractionally distilled tn vacuo, m an all-glass sword 
flask with a sealed-on receiver ‘ Pure nitrogen was mtroduced through 
the capillary A small precursor was taken which contamed the impim- 
ties The pure acetone compound of d-selachyl alcohol distilled m a vac- 
uum of 1 X 10“’ mm at 152-154° (oil bath 185-193°) Yield 12 9 gm 
(67 5 per cent), n?® = 1 4570, = 0 891 

C«H«0, (382 0) Calculated C 75 3, H 12 13, acetone 15 18 
Found “ 75 4, » 12 15, “ 14 81 

Optical Rotation — In substance, 1 dm tube, a”'* = —11 62", [alo"* = —12 9° 

Acetone Corn-pound of l-Selachyl Alcohol — ^The condensation of 7 2 gm of 
d(-l-)-acetoue glycerol with 21 1 gm of oleyl-p-toluenesulfonate earned 
out as desenbed for the isomer yielded 12 4 gm (64 6 per cent) of the ace- 
tone compound of 1-selachyI alcohol, bp (6 X 10“’ mm ) = 160-165° 
(bath, 180-190°) n?-® = 1 4570, = 0 895 

Calculated, acetone 15 18, found, 14 62 

Optical Rotation — In substance, I dm tube, a” = +11 40°» Wp " +12 8° 

Acetone Compound of dl-Selachyl Alcohol — 7 2 gm of racemic acetone 
glycerol on condensation with 21 1 gm of oleyl-p-toluenesulfonate yielded 
12 7 gm (66 3 per cent) of the acetone compound of racemic df-selachyl 
alcohol, bp (4 X 10“’ mm ) = 160-163° (bath, 200-207°), Wp •® = 1 4560 

Calculated C 76 3, H 12 13, acetone 15 18 
Found " 76 2, “ 11 98, " 14 68 

d-Sehohyl Alcohol — 15 0 gm of the acetone compound of d-selachyl alco- 
hol were dissolved m 125 cc of 80 per cent acetic acid at 80° and the solu- 
tion was kept at this temperature for 2 hours On the addition of 600 cc 

‘ This distilling flask has been desenbed ((24), Fig 2) All distillations report^ 
in this communication were earned out in sword flasks unless otherwise speci e 
These details are mentioned because the boiling points in high vacuum are arge y 
dependent on the type of flask used 
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of cold water the selachyl alcohol precipitated as a semisohd mns^i which 
on cooling hardened and could be filtered In order to saponify any acetic 
acid ester formed dunng the deacetonation process, the substance was 
triturated with an excess of dilute potassium hydroxide sotution on a steam 
bath for 30 mmutes The product was taken up m ether, the ether washed 
\vith w ater imtil free from alkali, and the solution dried o\ er sodium sulfate 
On removal of the ether 12 7 gm (94 7 per cent) of crude d-selachyl alcohol 
were ob tamed Recrystalhzation from 30 cc of acetone at —10° yielded 
7 3 gm of pure selachjd alcohol M p 48-49° Two more crystalhzations 
from acetone raised the meltmg pomt to 48 5-49 5° d“ = 0 888 

C,,H«0, (312 6) Calculated C 73 6, H 12 32, I No 74 0 

Found “ 73J, " 12 48, “ “ 72 0 (Hanua, 30 mm ) 

l-Selachyl Alcohol — The acid hydrolysis of 1 C gm of the acetone com- 
pound of Z-selachyl alcohol yielded 1 26 gm (88 per cent) of Z-selachyl 
alcohol Repeated crystallization (sl\ times) from acetone and once from 
methanol raised the melting pomt to 48 5-49 5° 

Calculated C 73 6, H 12,32, I No 74 0 
Found “ 73 7, “ 12 00, “ “ 72 0 

dl-Selachyl Alcohol — The acid h\ drolysis of 10 C gm of the acetone com- 
pound of dZ-selachyl alcohol m 80 per cent acetic acid at 80° yielded 9 0 gm 
(94 7 per cent) of df-selachyl alcohol Repeated crjstalhzation from ace- 
tone and once from methanol ga\e pure dZ-selachjl alcohol, mp 46 5- 
47 5° 

Calculated C 73 0, H 12 32, I No 74 0 
Found " 73 6, “12 27, “ “ 73 0 

Optical Rotation — (a) SyntUetio d selachyl alcohol in melted substance, 1 dm 
tube, aj “ —3 86°, [a]“ = —4 35° Toyama (9) reports for the natural selachyl 
alcohol [o]d =» —4 6° 

(6) Tho rotations for the natural and synthetic product m solvents are shown 
m Tables II and in 

Dtacelyl d-Selachyl Alcohol — 1 5 gm of d-selachyl alcohol were dissolved 
m a mixture of 2 4 cc of acetic anhydride and 4 3 cc of dry pyndme 
After standmg for 24 hours at room temperature the solution was concen- 
trated tn vacuo and the residue distilled under a high vacuum m a flask with 
a sealed-on receiver B p (1 X 10-’ mm ) = 170-172° (oil bath, 210-220°) 
Yield 1 77 gm (94 7 per cent) of diacetyl selachyl alcohol M p 18-19°, 
n”-® = 14521,d« = 0 937 

C^4iO» (426 6) Calculated, C 70 4. H 10 87, found, C 70 3, H 10 60 
OpticalflotafioTi— Insubstance, 1 dm tube, aS “ -8 07°, Wo “ -8 6° (Toy^ 
(9) reports Wd “ “8 6°) In dry ethanol, 2 dm^tube, c 10 44, om ” ^ > 

. _g 0° (Toyama and Ishiknwa (25) report Wd ” “8 64°) 
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Diacetyl l-Selachyl Alcohol — The diacetate was prepared from J-selachyl 
alcohol as described above Yield 90 per cent, bp (1 X 10'= mm ) = 
182-183“ (oil bath. 220“), = 1 4530, = 0 935 


Table II 

Optical Rolalton in Dry Ethanol and tn Ethanol-Free Chloroform* 


1 Sdadiyl alcohol pathetic 
product 

d Sclocbyl alcohol synthetic 

product ^ 

d SeUchyl aloshol jutui'xl 
prodoett 

CoQcentratiOQ 

I»)d 

Cooceatrattoa 

1 W» 

G^nceatratioa 

1 Mo 

Dry ethanol 






degreer 

20 4 


20 6 


20 0 

-0 6 

10 0 

■H 

10 0 , 

^^BmS^B 

10 0 

0 0 

5 0 j 

1 ^ 1 

5 0 

1 

1 +0 2 

5 0 

+0 3 

Ethanol-free chloroform 

23 3 

! +1 5 


-1 3 

23 0 

-1 5 

10 0 

-0 9 


+1 1 

10 0 

0 0 

4 9 

-2 2 

bB 

+2 0 

5 2 

+0 8 


* The rotations in ethanol free chloroform differed considerably from the rota- 
tions in IT S P chloroform This difference is apparently caused by the small 
amount of ethanol in U S P chloroform 
t Toyama and Ishikawa (2S) 


Table III 

Optical Rotation of d-Setachyl Alcohol xnU S P Chloroform (Containing i Per Cent 
Ethanol)* 


Synthetic product 

Natural product (Toyama and I&hikawa (25)) 

Coacentiatioo 

t=)o 

Concentration 

[aJo 


dtgrw 


ditfces 

20 1 

-0 9 

20 0 

-1 1 

12 2 

+0 1 

12 0 

-0 2 

10 1 

+0 3 

10 0 

0 0 

5 1 

+1 2 

5 0 

+0 9 

" — ■ 





*See foot-note to Table II 


Calculated, C 70 4, H 10 87, found. G 70 0,310 50 
Optical Rotation — In substance, 1 dm tube, a? +8 11°, [olS "bS 7° In 
dry ethanol, 2 dm tube, c = 10 S3, aS = +1 86°, MS = +8 8° 

Dtacelyl dl-Selachyl Alcohol — The acetylation of dl-selachyl alcohol was 
earned out as desenbed above Yield 90 per cent, b p (5 X 10“^ mm ) = 
175-176“ (od bath, 216-220“), nS®-® = 1 4520 
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Calculated, C 70 4, H 10 87, found, C 70 6, H 10 79 

Diphenylurethane of d-Selachijl Alcohol — mocture of 0 5 gm of d se- 
lachyl alcohol and 0 5 gm of freshly distilled phenyl isocyanate was kept 
at 110° for half an hour The excess of isocyanate was removed m vacuo 
at 100° The solid residue was recrystallized from 5 cc of methanol and 
yielded 0 63 gm (74 4 per cent) of pure diphenylurethane, m p 93-94° 

CjsHjjOiNi (6S0 8) Calculated, N 4 83, found, 4 82 

Oplxcal Roiaiton — In dry pyridine, 2 dm tube, c =» 6 40, Ob'* —0 77°, [alo‘ = 
-6 0 ° 

Diphenylurethane of l-Selachyl Alcohol — 0 5 gm of f-selachyl alcohol 
yielded 0 59 gm (69 5 per cent) of diphenylurethane, m p 93-94° 

Calculated, N 4 83, found, 5 0 

Optical Rotation — In dry pyridine, 2 dm tube, c “ 6 67, an “ +0 77°, [a]? = 
+5 8° 

Diphenylurethane of dl-Selachyl Alcohol — 0 5 gm of df-selachyl alcohol 
yielded 0 71 gm (83 7 per cent) of diphenylurethane, m p 92-93° 

Calculated, N 4 83, found, 4 SO 

Attempt to Elaidinize Oleyl Alcohol under Conditions of the Synthesis — ^The 
sodium compound of 1 75 gm of acetone glycerol was prepared as de- 
senbed above 2 3 gm of sodium p-toluenesulfonate and 1 5 gm of pure 
oleyl alcohol were added and the mixture refluxed for 24 hours To de- 
compose the sodium alcoholates 2 0 cc of 5 0 N sulfuric acid were added 
The mixture was filtered and the filtrate worked up as m the case of the 
acetone compound of d-selachyl alcohol 1 7 gm of crude oleyl alcohol 
contammg some naphthalene were recovered A fractional distillation 
yielded 1 0 gm of fairly pure oleyl alcohol, b p (1 mm ) 165° (bath tem- 
perature 190°), mp 3 5-6 5° (m p of pure oleyl alcohol 5 5-7 5°) For 
further identification of the oleyl alcohol its ^-naphthylurethane was pre- 
pared Yield 76 per cent, m p 44-46° (after two crystalhzations from 
ethanol) Elaidyl alcohol, m p 36-37°, eiaidyl-/3-naphthylurethane, m p 
71° (20) 

SUM&IARY 

1 d-, 1-, and racemic selachyl alcohol have been sjmthesized by con- 
densation of oleyl-p-toluenesulfonate wuth the sodium salts of !(-)-, d(-f )-, 
and racemic acetone glycerol and subsequent acid hydrolysis of the acetone 
compounds 

2 The comparison of the optical rotations of the synthetic selachyl alco- 
hols and their acetyl derivatives with those of the natural selachyl alcohol 
and its acetate confirmed our earlier inference that the natural selachyl 
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alcohol, together mth batyl alcohol and chimyl alcohol, belongs to the 
d senes 

3 The synthetic selachyl alcohols are crystalline solids, d- and 1-selachyl 
alcohols melt at 48 5-49 5°, the dl-selachyl alcohol melts at 46 5-47 5° 
The natural selachyl alcohol up to now has been isolated only as an oil 

Grateful acknowledgment is made to the Bantmg Research Foundation 
for grants to one of the authors (L J R ) The nucro combustions were 
earned out by Mrs E Mason to whom the authors express their thanks 
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CHEMICAL STUDIES ON THE TRANSFORMATION OF MOUSE 
EPIDERMIS BY METHYLCHOLANTHRENE TO 
SQUAMOUS CELL CARCINOMA* 


Bt CHRISTOPHER CARRUTHERS and V SUNTZEFF 

(From the Research Department of the Barnard Free Skin and Cancer Hospital and the 
Department of Anatomy, Washington University School of Medicine, St Louis) 


(Received for publication, July 14, 1944) 

Previous studies (1) have shoivn that methylcholanthrene produced a 
notable decrease m the iron and calcium content of mouse epidermis, while 
the sodium, potassium, magnesium, and ascorbic acid contents were not 
appreciably affected Moreover m a transplantable squamous ceU carcino- 
ma, derived from mouse epidermis bj the application of methylcholan- 
threne, the calcium content was about 50 per cent lower and the potoium 
content 16 per cent less than that of hyperplastic (methylchol^threne- 
treated) epidermis (2) For a more complete understandmg of the events 
occumng m the process of epidermal carcmogenesis the magn^ium and 
sodium contents of the transplantable carcmoma were determmed 


EXPEKIMEOTAIf 

The methods for the determmation of sodium (3), magnesium (1), and nu- 
cleoprotem phosphorus (NPP) (4), the basis of reference. 
plantable carcmoma have been given Smce the 
the iron, due largely to hemoglobm, was removed by the 
and Todd (5) before magnesium was preeipitated and detenmn p 

graphically as the hydroxyqumolate +,.aT.snl!VTitable 

The characteristics and the method for sam^g throueh 

tmnor hay. been described (2) The c«emoa» hij ‘XT 

thirty transplants and its morphology has remaine etamed for his- 

Portfone of ^ tun,o» removed for were lixrf arrd a ““ 

tolosreal control, emce necrosK has long be» to ai^ the 

mmlral content of tissue (6) For the determmation of sodium and gn 

Slum pools of eight to twelve tumors were necessary to correct 

Sodium— Since whole blood is rich m sodium, The blood 

for the amount of this metal present mtumomM oo . of mouse 

IV as removed, weighed, and ashed as before (2) even blood, 

whole blood contamed an average of 0 047 mg o iron P From the 

and five samples an average of 0 184 mg of sodium per 100 mg 

* This investigation was aided by grants from The International Can 
Foundation and the National Cancer Institute 
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iron content of a portion of the tumor mixture it is easy to calculate the 
amount of sodium due to blood alone if one assumes that most of the iron 
IS derived from hemoglobm Therefore on a pool of small tumors three 
detemunations were carried out, nucleoprotem phosphorus, sodium, and 
iron Smee our previous investigations (2) had shoivn that small sohd 
tumors (removed about 10 days after transplantation) ivere the most homo- 
geneous chemically and morphologically, most of the work reported here 
was done on this type of tumor A few large necrotic tumors were em- 
ployed to ascertam the effect of degeneratmg tumor tissue on the so- 
dium and magnesium contents 

The average sodium content of fifteen analyses of smalt solid tumors was 
0132 mg per 100 mg of tumor and the Na NPP ratio was 0 95 All values 


Table I 

Effect of Necrosis upon Ratio of Metal to Nucleoprotem Phosphorus {NPP) of 

Carcinoma 


Metal 

Coremonu 

Average 
metal per 
100 mg 

Average i 
blood metal ' 
per 100 mg j 

Average 
metal per 
100 mg 
corrected 

Average 
NPP per 
lOO mg 

^fetal 

NPP 




mi 

mi 

mi 


K 

Solid 

0 326 

0 012 

0 313 

0 139 

2 25 


Necrotic 

0 276 

0 oil 

0 264 

0 138 

1 91 

Ca 

Solid 

0 009 



0 120 

0 76 

(( 

Nccrotio 

0 077 





Na 

Solid 

0 141 

0 009 

0 132 

0 139 

0 95 

u 

Necrotic 

0 171 

0 010 

0 161 

0 126 

1 28 

Mg 

Solid 

0 018 



0 151 

1 19 

Cl 

Necrotic 

0 017 



1 0 151 

1 12 


given here were corrected for blood sodium This ratio of 0 95 was 22 per 
cent less than that of normal and hyperplastic epidermis The necrotic 
tumors (freed of all gross necrotic tissue, but show mg the latter histolog 
ically) had an average sodium content of 0 161 mg per 100 mg of tumor 
and an Na NPP ratio of 1 28, which was about 9 pei cent larger than that 
of normal epidermis and 26 per cent greater than that of the small sohd 
tumors The amount of blood sodium m the carcinomas, necrotic or sohd, 
averaged about 6 per cent of the total 
Magnesium— The results for the magnesium analysis are expressed m 
the same manner as for sodium except that the jMg NPP ratio was multi- 
plied by 10 The magnesium content of small solid tumors (twenty-three 
analyses) varied from 0 017 to 0 021 mg of jMg per 100 mg of tumor 
(average 0 019) and had an Mg NPP ratio of 1 19, which was 17 per cen 
less than that of normal epidermis The necrotic tumors, freed of gross 
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necrotic tissue, contained 0 017 mg of Mg per 100 mg of tumor, and had 
a ratio of 1 12, which was 22 per cent less than that of normal epidermis and 
about 6 per cent less than that of the small sohd type 
The care reqmred m the samplmg of tumor tissue, at least for morgamc 
analysis, is exemplified m Table I which shows the cMerences m the Ca, 
Me Na, and K ratios of nucleoprotem phosphorus of the smaU sohd tumors 
and the large necrotic ones It is apparent that the calcium and sodium 
ratios are mcreased m degeneratmg carcmomatous tissue, while potassium 
and magnesium are decreased 

DISCUSSION 

The results of the mvestigations on epidermal carcmogenMis are shown 
graphicaUy m Fig 1 The time m days is plotted against the percentage 
S change of the metal-NPP ratios As early as 10 days 
tion of the carcmogen the iron and calcium ratios ^ad dropped to abo^ 50 
per cent of the normal There was a further reduction m the Fe NPP 
mtio. while the dimmution of the Ca NPP ratio remained fairly co^tot 
When the hyperplastic cells became carcmomatous, there ^ 
toe m the Slcium content The Fe NPP ratm shown oa the graph 
for the carcmomas mcludes blood hemoglobm, and may be 

drop wh«thpl.tt«B«olud.d 'a,po.3.Ues.5mlic«.ce 

of the calcium and iron dimmutions has been diseased 2) 

In a comparison of the chemical changes m the 
genesis with tissue found m a carcmomatous tumor it ^^t b^™;,2y 

that the ceUular material adalyzed m a than the 

of cancer cells together with some stroma is more th^^^^ 

cellular material presented by the several ^ , . ^g^^te stages 

fromtheskmofeighttotwelvedifferentimcedurmgthetoe^^^^^^ 

of carcmogenesis In this latter material the s —igoja Moreover 

considerable variation m the degree of epiderma JP treated epi- 

smee cancer arises always m a sharply circumscn e^ of the 

d™, «.e,P ar. a.pB.der.bl. “S' tS 

degree of chenucallyprecanceroushyperplasi between the more 

ical analyses of such skm represent aver g ViTmpmlasia It is thus 
advanced and the less advanced degree of epi actually greater for 

possible that the fall m the cajciu^d the correspond- 

the advanced stages than is mdicated by the analyses, w 

mg values for the less advanced stages are sm and ascorbic acid 

On the other hand the j „ hypeiplastic epidermis 

ratios appeared not to be significantly a foUowmg de- 

However, when the cells became mahgnm , 

crease m the ratios, K NPP 16 c&xt, g rimpticallv unchanged 
22 per cent The ascorbic acid-NPP ratio remamed practicaUy 
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A comparison of the K NPP/Na NPP and the Ca NPP/Mg NPP 
ratios (Table II) further demonstrates that the alkahes are not appreciably 
altered, while the ratios of the alkahne earths are significantly changed in 
epidermal carcmogenesis The K NPP/Na NPP ratio, except for a 


Ho. Of=fipPUC/ITIOHf O^MBTHVLCHOLAMTHHe/ie, 



Fig 1 Magnesium, sodium, potassium, calcium, iron, and ascorbic acid in epi 
dermal carcinogenesis induced by mctbylcbolantbreno CA represents carcinoms 
Dotted lines (except for ascorbic acid from 35 to 60 days) are used to designate 
the change from late byperplastio epidermis to carcinoma 

shght mcrease at 20 and 30 days, remamed rather constant On the othw 
hand there was nearly a 58 per cent decrease m the Ca NPP/Mg N”-*- 
ratio after one apphcation of the caremogen, the ratio remaining fairly 
constant throughout the hyperplastic stage There was a further drop o 
23 per cent m the ratio when the cells became malignant 
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In a review or the r61e of calcium on the boundary structure of ce^, 
Re^id (7) pomts out that this ion gives stabihty not ody to cell 
So to mtercellular substances The observations of Cowdry and Pdette 
(8) on the decrease m mtranuclear viscosity from normal to hyperplastic 
fo rcmomatouTceUs may be partially explamed by the decre-e m the 
calcium content ^loreover the mvasive properties of cancer cells y 

"1hTc« cVSSi Seed m mouse epidermis by a smgle apphcation 
or .0 m F.g 1 roved 

STd Su SS W 1.:" She Sro 0. totd l.p.d t. pro« 

Table H 


Treatment 


Normal 

Benzene-treated 

Methylcholanthrene-treated 


Carcinoma 


No ol 
pamtisgs 

Tune alter first 
treatment to 
killing of mice 

K NPP 

Na NPP 


days 



10 

2 29 

3 

10 

2 18 

1 

10 

2 06 

3 

10 

2 55 

6 

20 

2 90 

12 

30 

3 03 

24 

60 

2 24 



2 36 


Ca NPP 
MrNPP 


2 57 
2 19 
0 99 
0 85 
0 85 
0 75 
0 82 
0 63 


mtrogen is also decreased by nearly 50 f 'and Stoweli 

cation of methylcholanthiene 

(10) and of Simpson and Cramer (11) eancer m about 

of mouse skm to methylcholanthrene is Powdry (12) have found 

40 pel cent of the treated mice Also lese e a . chromosomes are 

that diplochromosomes and even moie Throughout the car- 

formed m epidermal cells on and after ^ ^ mn<?nmes mcreased by about 
emogeme senes, the frequency of enlarge c ro^ ^^j,j.jj^omas rose to over 50 
8 per cent through the first 60 days, a profound changes are 

per cent All the above observations , , Lthrene sufficient m 

mduced very early by one apphcation o tieatment The mtegra- 

some animals to produce cancer without furthe integrated 

tion of the physical, histological, and chemical studies m 
senes has been renewed recently by Cow rj 
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SUMMARY 

The r61e of the minerals m epidermal carcmogenesis mduced by methyl- 
cholanthrene has been mvestigated A single application of the carcmogen 
produced a decrease m the calcium and iron content to about 50 per cent 
of the normal ilepeated treatments of the epidermis caused a further drop 
m the iron content, while the dimmution of calcium induced by one apph- 
cation was not decreased appreciably On the other hand the amount of 
potassium, sodium, magnesium, and ascorbic acid was not sigmficantly 
altered by a smgle or by many applications of methylcholanthrene The 
transplantable skm carcmoma, when small, sohd, and practically free of 
necrotic tissue, contamed less of all the mmerals than did the normal and 
hyperplastic epidermis However, necrotic tumor tissue had more calcium 
and sodium and less potassium and magnesium than did the small sohd 
tumors Care m sampling tumor tissue, at least for morgamc analj-ses, 
IS stressed Nucleoprotem phosphorus was used as a basis of reference for 
the amount of hvmg tissue involved 
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(Received for publication, June 12, 1944) 

The present study was undertaken as one approach to an elucidation of 
the effective structure of the antibiotic, gramicidin (1) The results of m- 
vestigations of this sort are expected to lead to improved antibiotics, and 
to experimental approaches to the paths of biological synthesis of protein 
A stnkmg feature of gramicidm is its content of d-ammo acids, notably 
d-leucme (2) The presence of d-amino acids m gramicidm seems suffi- 
ciently unusual to warrant studies of synthetic peptides contammg the d~ 
leucme residue It appeared desirable to test d-leucme first, however, for 
antibiotic activity The pnmaiy purpose of this paper is to report the 
unexpected findmg of inhibition of bactenal growth by this unnatural 
isomer of a natural ammo acid (Table I) 

The organism chosen for testmg was Lactdbacillm arabtnosus 17-5 ‘ The 
culture named is bemg employed m this laboratory for assay of ammo acids, 
as m the procedure of Shankman, Dunn, and Rubm (3), and was therefore 
convement The stram at hand had the added advantage of a known re- 
qunement for leucine, as well as ease of precise determmation of growth 
by titration of the lactic acid produced In most of the repetitions of the 
experiment on inhibition, of which Table I contains one example, differences 
could usually be seen between cultures contammg the d-leucme and the 
control cultures after 1 day’s mcubation The d-leucme tube was relatively 
Unclouded with bactenal growth Titration values at this stage were too 
close together for definite distmctions The degree of growth at 3 days, m 
separate experiments, is presented m Table II 
It proved to be necessary to correct readmgs of acid production for the 
increase m the titratable acidity after autoclaving and mcubatmg the medi- 
um This mcrease can be accounted for by reaction of the ammo acids and 
dextrose contamed m the nutrient medium (4) The actual titration values 
tor such tubes are presented m Table III 
Smce brucme has a known toxicity (5) and smce it was employed m the 
resolution of dl-leucine (6), it seemed necessaiy to check on the possibility 
of presence m the punfied d-leucme of traces of brucine which might have 

• Journal Paper No J-1218 of the Iowa Agricultural Experiment Station, Proj- 
ect 897 

Ammo acid prefixes in this paper refer solely to configuration 
' American Type Culture Collection, No 8014 
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earned through the process Such traces might conceivably be physio- 
logically sigmficant although absent by chemical catena The utility of 


Table I 


Comparison of Leucine Isomers in Inhibition of Bacterial Growth 


Addition to haul medium in tube 

0 072 V ncid produced 

Averife OJ)72 H 
acid produced 
(corrected) 


Cl 


cc 

None 

3 76 


3 53 

50 mg Meucino 

3 84 


3 24 

60 “ d-leuoino 

1 91 

1 72 

1 27 

50 y brucine sulfate 

3 97 

4 00 

3 70 

600 “ “ “ 

3 83 

3 77 

3 51 

1 mg gramicidin* 

0 40 

0 40 


10 “ tyrothnem* 

0 43 

0 44 



* Kindly donated by Mr Leo Wallcratem, the Walleratein Laboratories, New 
York 


Table II 


Growth Inhibition tn Senes of Experiments 


0 072 K acid produced In control 
(corrected) 

0 072 N acid Produced with d leucioe 
added (corrected) 

Inhibited growth 

Control growth 

ce 

u 

Ptf C4Ht 

2 85 

0 45 

16 

2 99 

1 09 

36 

3 53 

1 52 

43 

3 53 

1 42 

40 

3 53 

1 37 

39 

3 53 

1 18 

33 

Average 

35 


Table III 

Titratable Acidity after Autoclaving and Incubation 


These tubes were not inoculated 


Addition to basal medium m tube 

0 072 M acid ptoduced 


CC 

CC 

None 

0 21 

0 29 

50 mg d leucine 

0 50 


50 “ Z leucine 

0 55 

0 54 

60 “ dl leucine 

0 48 


50 mg of Meueme obtamed by resolution wth brueme was also tested anc 
this was found to be as devoid of inhibitory or stimulatory aofavi y ai 
isolated leucine It \s as also found that when 500 y of brueme sulfate wen 
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added to samples of complete basal medium growth was uormal Solu- 
tions containing this amount of brucine gave defimtely positive mtnc acid 
color tests No effect can therefore be ascribed to hypothetical traces of 
brucme (Table I) 

Matenals and Methods 

Formyl-dl-leuane — ^The formylation procedure of du Vigneaud, Dorfman, 
and Lonng (7) for dZ-cystine was found to be conveniently adaptable to 
dl-leucme m this study 10 gm of Merck’s dMeucme were dissolved m 150 
cc of 85 per cent formic acid The temperature was brought to 55-60“ and 
mamtamed there by regulated dropwise addition of 50 cc of acetic anhy- 
dride When this mass was cool, 25 cc of water were added, and the clear 
solution was then concentrated under reduced pressure to about 40 cc 
There were obtamed 6 5 gm of formylleucme, of which a sample melted at 
112° Another 2 6 gm with a meltmg pomt of 115-117° were obtamed from 
the mother hquor by evaporation and washmg with chilled 1 N HCl, and 
then with chilled water 

d-Leucine and ULeucine—The resolution procedure of Fischer and War- 
burg (6) was followed Operations for the recovery of the leucme isomer 
from both brucimum formyl-Weucmate and brucmium formyW-leucmate 
were as nearly identical as it was possible to make them Brucme was 
absent m detectable amounts (mtnc acid color test) from both formylleu- 
cmes pnor to further ether extraction of the aqueous solutions and sub- 
sequent conversion to punfied leucmes A d-leucme sample m 20 per cent 
HCl had [a]n = — 15 1° ± 0 5° Polanmetnc values as an mdex of punty 
of leucme isomers should be mterpreted cautiously It has already been 
shown that values over the range 15 3° to 16 7° can be found for leucme 
samples which are pure by a sensitive physical cntenon such as the heat 
of combustion (8) 


Microbiological Procedures 

The basal medium was essentially that of Kuiken et cd (9) Glutamic 
acid and tyrosme were, however, the natural isomers No tomato eluate 
was mcluded The culture volume employed was 2 5 cc Autoclavmg 
was earned out for 20 mmutes at 15 pounds steam pressure Incubation 
occurred at 30° (±1°) for 72 hours A mixed methyl red-brom-thymol 
blue mdicator was employed m titrations, which were conducted on the 
entire culture 


DISCUSSION 

The above experiments demonstrate that d-leucme retards the growth of 
a strain of Lactobacillus arabinosus requinng 1-leucme Smee the same 
relatii ely large quantity of f-leucme has practically no effect, inhibition is 
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isomenc in nature The evidence therefore indicates that the d-leucine 
present m inhibitory e-xpenments probably interferes with the uptake or 
utihzation of f-Ieucme or i-amino acids by the organism 
This bears analogy to the mode of action of sulfonamides (10) The m- 
hibition reported here, however, appears to depend upon a difference in 
spatial configuration rather than upon differences m chemical constitution 
The effectiveness of peptide antibiotics, such as gramicidm, tyrocidine, 
etc , may be attributable at least m part to the content of d-ammo acids 
The degree of this effect as well as the toxicity to ma mmals is undoubtedly 
influenced by the nature of other ammo acids and linkages m the peptides 
The molecular ratio of d-lcucme to 2-leucme m the ongmal medium m 
inhibition experiments is approximately 200 1 Gramicidm is more effec- 
tive at a much lower ratio (Table I) The findmg of measurable inhibition 
by d-Ieucme, however, makes it desirable to search for denvatives with 
special properties Studies on apphcability of related compounds and 
other organisms are under way 

Grateful acknowledgment for Laciobacillua arabtnosus cultures and ad- 
vice on bactenological techniques is made to Professor F E Nelson, of the 
Bacteriology Department Thanks for technical assistance are also due 
Mr Lee Lumpkm 


summarv 

Growth mhibition of a stram of bacteria by a d-ammo acid isomer of a 
natural ammo acid, Meucme, required for growth of the same stram, has 
been demonstrated The significance of this findmg with regard to the pep- 
tide antibiotics has been discussed 
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AN ELECTROPHORETIC STUDY OF SERUM AND PLASMA 
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(From the Bacteriological and Chemical Sections, Michigan Agricultural Experiment 
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Poultry pathologists have observed that when chickens are affected 
with leucosis they may show one or more pathological manifestations It 
IS not yet known whether aU the manifestations of the disease are caused 
by one or by different agents Therefore, it was thought that a study of 
the blood serum and plasma proteins of normal and affected chickens might 
furnish information that would aid in clarifying the present state of knowl- 
edge pertammg to the different types of leucosis 
The study of the blood proteins was eonducted m the Tisehus 
phoresis apparatus by the movmg boundary method Characte^c 
changes m the relative composition of protein components of serum have 
been noted in many pathological conditions in man and animals by this 
method (1-4) 


Procedure 

Chickens of the smgle combed white Leghorn breed from 15 to 18 weeks 
of age were used They were usuaUy fasted 24 hours Previo^ to bleedmg 
Blood was coUected from two to mne chickens and pooled All the cmckens 
were electrocuted and bled, and then exammed for evidence o ec i 
For plasma samples, blood was collected in. 0 01 volume o a P^r 
solution of sodium citrate 

Total protem of each serum or plasma sample 
refractive differential method of Siebenmann (5) ™nlp was 

concentration of 2 per cent mth buffer solution The di u s , jr 
placed m cellophane tubmg and dialyzed against tto® ° ves- 

at 3° The final dialysate was saved and used in filhng , 

sels and cell The buffer solution used on all sampbs consis e o 
barbitunc acid and sodium hydroxide adjusted to pH 8 6 an lo 

Conductance measurements were made at 0 on the buffer and p 

» Journal article No 712 (new senes) of the IVLolngan ExpenmMt 

Station A cooperative project between the of ^^mal Industrj , 

Station and the Regional Poultry Research Laboratory, 

United States Department of Agriculture 
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after final dialysis The Shedlovsky type of conductivity cell was used 
(2, 6 ) m a Dewar vessel containing crushed ice and water 

Electrophoresis was earned out in the modified Tisehus apparatus de- 
senbed by Longsworth and Macinnes (7) The schheren scanning method 
of Longsworth (2, 8 ) was used in photographing the moving boundanes 
Electrophoresis was earned out at 0“ at a potential gradient of 6 to 7 volts 
per cm The time vaned from 10,000 to 12,000 seconds 

The first objective was to obtain the electrophoretic patterns for normal 
chicken serum and plasma and to establish the mobihties and ratio of nor- 
mal protem components After determination of the normals, a compar- 
ison was made with serum from chickens showmg different pathological 
manifestations of the leucosis complev Later, serum samples were ob- 
tamed from chickens at mtervals following the mjection of a lymphoid 
tumor and also from chickens foUowmg the mjection of this same tumor 
after inactivation The inactivated preparation consistently failed to 
produce any mamfestations of the disease 

Expenmenis and Rcsulla 

Ekcirophorelic Pailerna of Normal Chicken Serum and Plasma — Serum 
and plasma samples were obtained from apparently normal chickens which 
showed no symptoms or lesions of any disease The electrophoretic dia- 
grams shown m Figs 1 and 2 are representative of the normal samples 
Calculations were made from the patterns of the descending boundanes 
of four normal serum samples and two normal plasma samples The aver- 
age values obtained were as follows mobihty, albumm —59 X 10"’, 
ai -}- arglobuhn —4 7 X 10"^, /3-globuhn —3 5 X 10“’, fibnnogen —2 5 X 
10“’, 7 -globuhn —20 X 10“’, percentage composition, albunun 46 8 , 
on + arglobuhn 17 9, /3-globuhn 113, fibrmogen 13 5, 7 -globuhn 194, 
composition ratios, (albumin)/(globuhn) 100, (ai -f- aj)/albumm 0 39, 
/3/albumm 0 25, i#>/albumin 0 30, 7 /albunun 0 43 The total protein m 
normal serum vaned from 2 19 to 3 74 gm per 100 ml 

A very pronounced 7 -globuhn disturbance is present in the patterns of 
all chicken serum and plasma It appears as a tall spike on all descending 
patterns and as a small peak on ascendmg patterns A similar disturbance 
in the /3-globuhn m human serum has been observed by Longsworth el al 
(2, 9) It IS attnbuted to convection resulting from reaction m the neigh- 
borhood of the boundary following electrophoretic separation of the con- 
stituents Longsworth has shown that at least one of the ^globuhns of 
normal serum has an aifimty for hpid matenal which migrates ivith the 
/S-globuhn Abramson el al (10) have discussed the physics of the d 
anomaly and other possible explanations 
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Electrophoretic Patterns of Serum from Leucosis-Afecled Chicken ^ — Serum 
samples for electrophoretic study were obtamed from typical cases of 
neurolymphomatosis, visceral lymphomatosis, osteopetrotic lymphoma- 
tosis, and erythrogranuloblastosis Electrophoretic patterns of these 
samples (Figs 3 to 6 ) show the usual peaks for the four normal proteins 
and an additional peak which is designated as the L component The new 
component is closely associated with 7 -globuhn and moved with that com- 
ponent m electrophoresis of the neurolymphomatosis serum Smce the 
L component is apparently masked on the descending patterns by the 



Fia 1 Sample 429 Normal chicken serum Electrophoreais for 12,000 seconds 
at 6 42 volts per cm 



Fig 2 Sample 450 Normal chicken plasma Electrophoresis for 12,000 seconds 
at 6 8 volts per cm 

boundary disturbances, calculations of mobihty and relative , 

were made from the ascendmg patterns Accordmg to 
Macinnes (13), close agreement of mobihty on ascendmg ^ 
patterns may be obtamed by usmg an equation winch me u _g„tion 
area of the ascendmg peak to the area of the descendmg peak “ 

for the ^boundary This equation could be apphed only tojiose pa^ 
terns m which the area of the L component could be m 

* The terms used in describing the types of the ^^earch^bora- 

ference of mvestigators held at the United States Regional Poultry Kesear 

tory (U, 12) 
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Fia 3 Sample 230 Composite aerum from, chickens ahovnng visceral lymphoma- 
tosis Electrophoresis for 13,000 seconds at 6 05 volts per cm 



Fia 4 Sample 233 Composite serum from chickens showing nourolymphomato- 
sis Electropboresu for 12,000;3ccoa(i3 at 0 64 volts per cm 



FlO 6 Sample 234 Composite serum from chickens showing oateopetrotio lym- 
phomatosis Electrophoresis for 12 000 seconds at 6 69 volts per cm 



FlO 6 Sample 238 Composite serum from chickens showing erythrogranuloblas- 

tosis Electrophoresis for 12,100 seconds at 6 S3 volts per cm 
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ascending and descending patterns The average mobihty of the L com- 
ponent calculated from ascending patterns was -2 9 X lO"' The “cor- 
rected” value from two ascenchng patterns, —2 65 X 10~^ closely agreed 
with the more accurate mobility, -2 55 X 10-^ obtained from a later ev- 
permient m which the L component was visible on the descendmg patterns 
Included m Table I are relative compositions of components of all nor- 
mal and pathological serums studied A comparison of normal serum with 
visceral, neuro-, and osteopetrotic lymphomatosis, and erythrogranulo- 
blastosis shows sigmficant changes in composition There was an average 
decrease m albuimn content from a normal 46 0 to 32 2 per cent, the a- 
globubu increased from 13 1 to 20 0 per cent , the an 7 g o u ns 
showed no sigmHcant differences Changes in concentrations of the com- 
ponents resulted m the alteration of the albuimn-globuhn ratio from 
0 87 to 0 46 and the a-globuhn-albumm ratio from 0 27 to 1 01 

In one sample, neurolymphomatosis, the L component move wi 
7 -globuhn, which accounted for 37 2 per cent of the P'-® 

L component represented an average of 10 5 per cent o t e o a pro ei 
Electrophoretic Patterns of Serums Obtained at Intervals after Injec i 
mih Active Transmissible Tumo;— Following the observation of 
ence of the L component in serum from chickens shoimg a e 
manifestations of the avian leucosis complex, the next ogica s p 
correlate the appearance and development of sympto^ o ^ 

the appearance of the L component m the blood ® ^ ivmnhoid 
formed on the blood of chickens affected ivith a trar«ble lymphoid 
tumor The stram was the one recovered by Olsen (14) and temed 
“R P L 12” by the Regional Poultry Research Laborato^ nn 

are produced m the muscle tissues of chickens wthm 5 days after m] 
and m the visceral organs after a longer penod 
Pectoral tumors obtamed from three chickens ^ 

equal volume of 0 85 per cent sodium chlonde a e ^ , Com- 
penaon was injected mtramuscularly mto suscep i e c ghjcjfens 

poate serum samples for electrophoresis were obtaine 
at 1 day mtervals after mjection The last was collected on the 1^ cla^ 
The chickens kiUed on the 3rd day after injection show^ thTsenim 
or mtemal lesions However, the electrophoretic pa er , . j 
(Fig 7) show the L component present The data s own 
cate a change m the relative composition of protem comp 

SmaU tumors were observed m the pectoral muscle in t W thr ^ 

chickens exammed on the 5th day An increase m 7 S ° 
cent of the total protem mdicates that the L componen 40 0 

tion of 7 -globuhn The albumm content decreased from a normal 

‘°C Z S‘to the 19th day, tum.n. » the p.eterd ..utete meteated 
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m size in all chickens and mtradermal tumors also were present The L 
component 'was present m all ascendmg patterns, as a separate fraction m 
the sample of the 7th, 13th (Fig 8), and 17th days, and as a component m 
7 -gIobulm m samples of the gth and 19th days (Fig 9) The albumm 
content dropped to a minimum of 32 9 per cent on the 7th day The albu- 
mm-globuhn ratio showed a gradual decrease from 0 76 on the 3rd day to 
a minimum of 0 49 on the 7th 



Flo 7 Sample 320 Composite serum from chickens 3 days after injection with 
transmissible tumor Electrophoresis for 10,220 seconds at 6 19 volts per cm 



Fio 8 Sample 349 Composite serum from chickens 13 days after injection with 
transmissible tumor Electrophoresis for 12,260 seconds at 6 33 volts per cm 

Calculations on the ascendmg patterns show the average mobihty of the 
L component to be —3 0 X 10~'' as compared with the average —2 9 X 
10~® m the earher studies of serums from chickens showmg different types 
of the avian leucosis complex 

The early appearance of the L component m the serum and the early 
shift m composition mdicate that there is a rapid change m the blood serum 
proteins of chickens affected with the transmissible tumor agent 

Electrophoretic patterns of plasma from apparently normal chickens 
(Pig 2) were compared with the patterns of plasma from chickens 19 days 
^ter injection with a tumor-producing agent (Fig 10) The companson 
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revealed the same decrease in the albumin-globulm ratio that was ob- 
served m serum (Table I) The normal plasma contained 14 1 per cent 
Sbnnogen, the increase to 27 4 per cent of this component m the leucosis 
plasma mdicates that the L component moved at approximately the same 
rate as fibnnogen 

Ekclrophoretic Pallems of Serums Obtained at Invervala after Injection 
with Inactivated Transmissible Tumor — ^The inactivated material was pre- 
pared from the tumor-producing agent described m the section above by 



Via 9 Sample 357 Composite serum from chickens ID days after injection with 
transmissible tumor Electrophoresis for 12,000 seconds at 6 39 volts per cm 



Fio 10 Sample 421 Composite plasma from chickens injected with transmis- 
sible tumor Electrophoresis for 12,000 seconds it 6 01 volts per cm 

rapidly freezing to —76“ and thawmg twice rVs m the previous expen- 
ment, a composite serum sample for electrophoretic study was obtamed 
from three chickens at 1 day intervals after injection Tissues taken at 
necropsy showed no evidence of tumor formation m any of the chickens 
mjected with the inactivated material 

The electrophoretic pattern of the serum sample collected on the 7th 
day after injection (Fig 11) is apparently normal The 15th day sample 
(Fig 12) shows the presence of the L component, accountmg for 11 9 per 
cent of the total protein m the sample There is close agreement be- 
tween the mobdity value —2 6 X 10”® of the L component in this sen^ 
with that found in serum samples from affected chickens, which was — 

X 10-® 
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The electrophoretic patterns of the sample collected on the 19th day after 
mjection (Fig 13) show the L component present and movmg with the 



Fig 11 Sample 330 Composite serum from chickens 7 days after 
inactivated transmissible tumor Electrophoresis for 12,620 seconds at 5 88 volts 


per cm 



Fig 12 Sample 353 Composite serum from chickens 15 days afto injection 

mactivated transmissible tumor Electrophoresis for 12,330 seconds 6 


per cm 




Fig 13 Sample 361 Composite serum from chickens lO^l^^ane^mjecUM 

mactivated transmissible tumor Electrophoresis for 1 , 


ner cm 

7-globuhn, aa evidenced by an increase of that component to 30 3 per 


cent of the total protem 

In Table II are set forth the comparative 


mobihty, compositioD, and 



Table II 

Mobiltty and Relative Composition* of Protein in Three Types of Chicken Serum 
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ratio values of the proteins m a composite serum sample from normal 
chickens, one from chickens mjected with active tumor agent, and one 
from chickens mjected with inactivated transmissible tumor agent These 
values, calculated from the descendmg patterns, are more accurate than 
those calculated from the ascendmg patterns and shown m Table I 

DISCUSSION 

Electrophoretic analysis of the proteins m serums from chickens affected 
with leucosis reveals the presence of a protem component which is not 
found in normal chicken serum The new component is closely associated 
with 7 -globuhn and has been designated by the letter L 

The L component m blood serum samples taken from chickens that 
showed gross lesions of leucosis represents approximately 10 per cent of the 
total serum protems It does not seem likely that the protem of the leuco- 
sis agent would be present m blood serum m such a high concentration 
By crude electrophoretic methods, Lee and Wilcke (15) studied the filtrate 
of a tumor-producmg material and reported that the causative agent of 
fowl leucosis migrated to the cathode at pH 4 01 to 6 01 and to the anode 
at pH 7 01 to 9 01 They found that the causative agent was mactivated 
at pH 4 and 9 

Previous electrophoretic studies (16-19) of blood serums have shown 
that the antibody protems are closely associated with y-globulm and mi- 
grate as a component of that glob ulin or as a separate fraction of a mobihty 
shghtly greater than that of 7 -globulm Tisehus and Rabat (3) found 
that the pneumococcus carbohydrate-precipitatmg serum antibody, pro- 
duced m the horse, migrated as a new component A similar antibody, 
produced m the rabbit, appeared as an addition to the normal 7 -globulm 
The new component was no longer present m horse serum after the anti- 
body had been removed by homologous type-specific polysacchande or by 
a heavy suspension of specific pneumococci In the rabbit antiserum, 
the amount of 7 -gIobuhn mcreased to 56 per cent of the total protem as 
compared with 17 per cent m normal serum Pneumococcus antibody 
was shown by van der Scheer and his associates (4) to migrate with the 
7 -globulm component of serum from fourteen out of fifteen hype nmm umzed 
horses In the one exception, shortly after hypemnmunization, the anti- 
body protem migrated as a separate component between fi- and 7 -globuIins 
The mobihty was —21 X 10 ~® cm - sec"* volt~* m a 002 si phosphate 
buffer solution of pH 7 6 This mobihty is very close to that calculated 
for the L component m serum from leucosis-affected chickens The T 
component demonstrated m diphtheria and tetanus antitoxins from the 
horse appeared between /3- and 7 -globulins (20) Shapiro and his asso- 
ciates ( 21 ) separated a viscous protem from the blood plasma of a patient 
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With multiple myeloma, the pattern of the extra protem appeared between 
/3- and 7 -globuhns and moved with fibrmogen 

It 13 postulated that the new L component described herem is of the 
nature of an antibody protem and occurs m all types of the avian leilcoas 
complex Also, it may be produced by the mjection of an inactivated 
transmissible tumor 

The occurrence of the L component in serum after the mjection of m- 
activated tumor material suggests further mvestigations mto its immuno- 
logical and diagnostic possibilities 

Smce the electrophoretic patterns of chicken serum show that the L com- 
ponent 13 closely associated mth y-globulm, it was thought possible that 
the saltmg-out of the 7 -globuhn might also remove the antibody protein 
This was attempted by addmg 30 per cent sodium sulfate to an equal 
volume of serum from chickens showmg leucosis tumors The precipi- 
tated globulm was centrifuged, washed, dissolved, and dialyzed against 
0 85 per cent sodium chloride solution The protem solution was diluted 
to a protem concentration of 2 per cent The electrophoretic pattern of 
this fraction had the appearance of pure 7 -globuhn There n as no separa- 
tion of the L component 


SUMMARY 

A comparative electrophoretic analysis by the movmg boundary method 
has been made of the proteins m serum and plasma from normal chickens 
and from chickens affected with avian leucosis 
A new component, designated the L component, was found m serums 
from chickens affected with tho several forms of leucosis The new pro- 
tem component had a mobihty —2 65 X 10“‘ cm * sec volt“‘ and repre- 
sented approximately 10 per cent of the total protem in the serum There 
were no significant differences found m the electrophoretic patterns of 
serums that would distmguish any one type of leucosis from another 
The relative composition of the components m leucosis serum (Table 
I) as compared with the normal showed a decrease in albumm and an 
mcrease m a-globuhn The electrophoretic patterns m which the new 
component failed to migrate as a separate peak showed a veiy high con- 
centration of 7 -globuhn This fact would mdicate a close relationship 
between the L component and 7 -globuhn 
A senes of blood samples drawn from chickens at mtervals after injec- 
tion with an active transmissible tumor agent showed the presence of the 
L component as early as the 3rd day Chickens mjeoted with the mac- 
tivated tumor agent also showed the presence of the L component but no 
imtil the 16th day after mjection 

Attempts to separate the new protem component from 7-globuhn by a 
saltmg-out method were unsuccessful 
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The presence of the L component in the serum from leucosis-affected 
chickens may have immunological and diagnostic sigmfieance 

The authors wish to express their thanks to members of the staff of the 
Regional Poultry Research Laboratory of the Umted States Department 
of Agnculture for supplying matenals used in this study 
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The recently discovered r61e of ascorbic acid m controlling the metab- 
ohsm of phenylalanine and tyrosine furnishes a new approach to the as 
yet unsettled question of the biochemistry of the vita^ m the anunal 
organism It seems reasonable to beheve that the elucidation of the ascor- 
bic acid-ammo acid relationship may throw light on other aspects of the 

vitamm function The converse is, of course, also true 

The ammo acid problem may be summanzed bnefly (1) The mg^tion 
of extra amounts of phenylalanme or tyrosine by the vitamm C-deficient 
gumea pig (2, 3) or premature infant (4) leads to the “ 

a high percentage of partial metabohtes of the latter ammo aci 
administration of relatively smaU amounts of the vitamm 
are no longer present in the urme That this is a specific ProP^^y the 
a»teco,b„t.= s«brt.nce b=<«ne .vident •jb« the »»■““» 
d-isoascorbic acid, m equimolar quantities failed to abolish metabohte ex 

"Silh tor the mefbohe syetem reepoosAle tor ^ ^ 
efteet would be greatly tacditated d it could be ehowu “ 

tion resides m or is more prominent m a single issue present 

has been achieved, at least partially, is evident m e r^ , + by jiver 

investigation, which demonstrate the OT ctirooM a tissue from 

slices from normal gumea pigs and the mabi ° ntivitv Kidney 
vitamm C-deficient animals to exhibit similar metabohe ^ ^ 

tissue when studied m the same fashion show^ o^y 
oxidize the ammo acid, although also reflectmg the state of vit 

tion of the test anunal 


EXPERniENTlL 

For these expenments, 300 to 400 gm gumea pgs ^^^bow (com- 
vitamm C-free basal diet of ground and aerated Purma 

• The data m this paper were taken from of the reqmre- 

Graduate School of The Umversity of Rochester in parti 
menta for the degree of Doctor of Philosophy 

«3 
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plete ration) Some of the animals received in addition nnxed fresh green 
foods or crystalline ascorbic acid The scorbutic animals, all of ivhich 
e\hibited the charactenstic symptoms, were used after 15 to 20 days on the 
basal diet Individual animals, without having been fasted, were stunned 
by a blow at the back of the head and killed bj bleedmg from the severed 
jugular vems 

The in vilro respiration of slices from both the liver and kidneys was de- 
termined in the case of each animal, the Warburg-Barcroft teclmique being 
used The modification of the Warburg vessel designed in this laboratory 
and described by Marsh (5) was used in order that the oxygen and carbon 
dioxide might be determined on the same pieces of tissue The tissue slices 
were suspended in 1 ml of Ringer-phosphate buffer, pH 7 4, m one compart- 
ment of the \ essel In the corresponding side arm was placed 1 ml of the 
Ringer-phosphate solution containmg 1 mg (5 52 micromoles) of f-tyrosme 
For the purpose of dctcrminmg the basal consumption of oxygen and pro- 
duction of carbon dioxide, tyrosine was omitted from the solution m the 
side arm of an equal number of vessels In the remaining compartment and 
side arm alkali and acid respectively were placed After an equilibration 
period of 12 minutes the additional Ringer-phosphate solutions were emp- 
tied into the tissue compartment Oxygen consumption measurements 
were made at intervals for a penod of 3 hours, after which the total carbon 
loxide of each flask was determined by thorough mixing of the acid mto 

th vessel compartments Removal of the tissues and subsequent dry'iog 

en permitted the calculation of the Qo, and Qcoi (c mm per hour per mg 
of dry tissue) Two, three, or four flasks were used for each experimental 
condition 

In view of the conflicting results obtamed when the oxygen consumption 
of normal and scorbutic tissues has been compared (see (6)) the results 
derived from all control flasks of these experiments have been assembled m 
Table I The Qo, value of the scorbutic liver slices is 28 2 per cent higher 
than that for the normal liver slices These results are therefore in agree- 
ment with the findmgs of Stotz eC at (6), the increased oxygen consumption 
of the scorbutic tissue being obtamed m this case without the administration 
of glucose at the beginning of the fastmg penod or the mclusion of glucose 
in the medium, the modifications employed by the latter mvestigators 
The absence of glucose perhaps accounts for the failure to observe a similar 
mcrease in carbon dioxide production, the difference between the means 
for that gas recorded m Table I having been found not sigmficant by the 
methods of statistical analysis This findmg is in contrast with that pre- 
viously recorded (6) In the same communication results have been de- 
scribed showing that the onset of scurvy does not alter the oxygen 
consumption or carbon dioxide production of kidney cortex shces nr 
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o^vn results are m agreement, for the differences recorded m Table I are not 
statistically significant 

With the behavioi of the control tissues m mmd the results obtamed nhen 
tyrosme is present as substrate may be considered In order to present 
the results as completely as possible it has been of value to make compari- 
sons in two ways, particularly since the Qqi value alone is not entirely m- 
formative We have therefore deducted the calculated basal oxygen of the 
tyrosme-contammg experimental flasks, usmg the average Qq obtamed 
with the control flasks The remamder of the oxygen uptake then has been 
calculated in terms of the ratio of atoms of oxygen to moles of tyrosme 
present A similar ealculation has been made for the carbon dioxide pro- 
duction That the exactness of such calculations is necessarily limited 


Tabm: I 

Respiration of Normal and Scorbutic Guinea Pig Liver and Kidney Slices 



No of 
gutDca 
pigs 

1 0 values 

Range 

Mean 

Dillerence 



j 




ptr unt 

Liver 

Qoi 

Normal 

22 

1 77- 2 67 

2 16 d: 0 198 




Scorbutic 

8 

2 15- 3 86 

2 77 ± 0 569 

+28 2 


QcOi 

Normal 

22 

1 61- 3 11 

2 18 ± 0 425 




Scorbutic 

8 

1 94r- 2 95 

2 43 ± 0 376 

+11 5 

Kidney 

Qoi 

Normal 

22 

5 90- 9 39 

8 04 ± 1 07 




Scorbutic 

8 

7 05-11 56 

9 24 ± 1 72 

+14 9 


Qcot 

Normal 

22 

5 40- 9 89 

6 78 ± 1 OO 




Scorbutic 

8 

5 82-10 44 

8 09 ± 2 20 

+19 3 


The tissues were shaken 3 hours in Ringer phosphate, pH 7 4, in Marsh vessels 
in an atmosphere of air Q c mm per hour per mg of dry tissue Standard devia- 
tions are included with the mean values 


IS well knotvn For example, the recent discussion by Laser (7) emphasizes 
the difficulties mvolved For this reason the Qos Qcoj values as well 
as the ratios have been mcluded m the summanes 
The oxygen consumption of hver shces from a normal and a scorbutic 
gumea pig is illustrated m Fig 1, m which the c mm of oxygen per mg of 
tissue (dry weight) are plotted against time It is evident that the addi- 
tion of Z-tyrosme to the flasks contammg the normal hver tissue produces 
a marked mcrease m the oxygen uptake In the case illustrated the extra 
oxygen represents an average mcrease of 38 3 per cent above the control 
level A similar situation does not occur with the scorbutic liver, for as 
shown m the nght-hand graph the curve obtamed when tyrosme is present 
may almost be superimposed upon the curve for the control values 
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This difference between the ability of normal and scorbutic slices to 
oxidize tyrosme is further demonstrated m the summary values of Table II 
It IS apparent in the case of normal liver that for each mole of tyrosme 
present m the reaction vessel 1 atom of extra oxygen is consumed On the 
other hand, wth liver slices from vitamin C-deficient gumea pigs the ratio 
of atoms of oxygen to moles of tj rosme is less than 0 2 In fact, from the 
four different scorbutic animals used six of the ten lalues obtained were 
less than 0 1 atom per mole of tyrosme 
That the abilit}' of the liver cells to oxidize tj rosme is not permanently 
lost wth the occurrence of scurvy may be demonstrated To deficient 




Fig 1 The oxygen conaumption of luer slices from a normal and a scorbutic 
guinea pig Each point represents the average of duplicate or triplicate deter- 
nunations 

gumea pigs comparable to those of Column 3 were administered subcu- 
taneously 20 mg of ascorbic acid each of 6 days immediately pnor to 
sacrifice The values of Column 4 are m direct contrast ivith those ob- 
tamed ivith the scorbutic animals and are entirely like those obtamed with 
the normal animals That administration of ascorbic acid was efficacious 
13 also observed m the Qq^ of the control tissues, winch is almost identical 
wnth that derived from normal rather than from scorbutic animals On the 
other hand, similar mjection of the vitanun mto normal animals did not 
alter the oxygen consumption (Column 5) Thus added evidence of the 
dependence of tyrosme oxidation upon a normal level of ascorbic acid m the 
liver is obtamed 
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In Table III, which aiunmarizes the values for carbon dioxide production 
for the same annuals represented m Table II, it is apparent that this metab- 
■ohte reflects the picture obtained with oxygen as far as vitamin deficiency 
is concerned However, the actual yield of carbon dioxide is considerably 

Table II 

Tyrosine Oxidation by Liver Slices 


The results obtained with four guinea pigs are represented in each group 



Normal 


Ascorbic acid injected 

(1) 

(1) 

(3) 

Scorbutic 
(4) ! 

Normal 

(S) 

Control flasks, without substrate 

Tissue dry weight, average, mg 
Qou range 
“ average 

19 5 

2 04-2 41 

2 24 

19 8 

2 03-3 78 

2 83 

13 8 

2 03-2 30 

2 14 

17 2 

2 11-2 33 

2 20 


With S 52 micromoles tyrosine 


Tissue dry weight, average, mg 

14 1 

19 8 

13 4 

15 5 

Qq„ range 

3 47-4 25 

2 37-3 83 

3 70-5 33 

3 83-4 65 

“ average 

3 98 

2 91 

4 42 

4 12 

Tyrosine’ 

1 00-1 40 

0 -0 70 

0 99-1 84 

1 20-1 61 

“ average 

1 14 

1 

0 188 

1 1 44 

1 

1 41 

1 


Table III 

Carbon Dioxide Production by Liver Slices 


The results obtained with four gmnea pigs are represented in each group 




Normal 

Scorbutic 

Aacorbic acid injected 



Scorbutic 

Normal 

Control flasks, 

Qcoi, range 

1 86-3 12 

1 83-2 89 


1 47 -1 89 

without substrate 

“ average 

2 42 

2 31 

2 18 

1 75 

With 5 62 micro- 

“ range 

2 47-4 92 


2 31 -2 92 

2 22 -2 89 

moles tyrosine 

“ average 

COi 

Tyrosine’ 

“ average 



2 58 

0 062-0 179 

0 124 



below a theoretically possible value even with the normal tissues Smce 
a value of less than 1 mole per mole of tyrosme may be assumed unlikely, 
one may suppose the reaction responsible to be much slower than the one 
mvolvmg oxygen consumption Or, on the other hand, carbon dioxide 
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production may be concomitant with later stages of tyrosine oxidation 
rather than with the stage mvolvmg the 1st atom utilized The latter 
explanation is more m keepmg with the results obtained by Felix and Zom 
(8) m their analysis of tyrosme oxidation by mmced liver tissue 
When kidney tissue is exammed under the same conditions, comparison 
of the Qo, values obtamed ivith tyrosme and m the absence of thesubstrate 
(Table IV) confirms the previously described ability of this tissue to oxidize 
the ammo acid The presence of the substrate thus causes an average 
mcreased oxygen consumption of 14 4 per cent m the three groups of anunals 
receivmg vitamm C This increment is to be contrasted with that of 90 5 


Table IV 


Tyroatne Oxidation by Kidney Slices 
The results obtained with four guinea pigs are represented in each group 


Normal 


Scorbutic 


A^orbic acid injected 


Scorbutic 


Normal 


Control flasks, without substrate 


Tissue dry weight, average, 
mg 

S 4 

6 8 

6 5 

7 9 

i„ range 

6 75 - 9 21 

6 20-8 03 

8 00 - 0 22 

9 10 - 9 59 

“ average 

8 09 

7 82 

8 87 

9 23 


With 6 52 micromoles tyrosme 


Tissue dry weight, average. 





mg 


7 1 

6 6 

7 7 

Qq„ range 


7 02-8 59 

S 51 -11 66 

10 05 -10 84 

“ average 

9 18 { 

7 85 


10 60 

0 

, range 

Tyrosine 


0 -0 130 


0 390- 0 616 

“ average 


0 084 

0 462 

0 490 


per cent exhibited by the liver tissue ivith the same three groups of gumea 
pigs That the kidney slices oxidize tyrosme less readily than do hver 
shces IS likewise to be seen m the low ratios of oxj gen to tyiosme, less than 
0 5 atom of extra oxygen bemg utilized for each mole of tj rosme present 
It IS, honever, evident from Table IV that even though the kidney lacks 
the abihty to oxidize tyrosme to the same extent as does the liver, what 
abihty it does possess in this direction is almost completely lost as the ani- 
mal becomes scorbutic Carbon dioxide production, as is evident m Table 
V, reaches only insignificant proportions m the process of tyrosine metab- 
olism by kidney tissues under the conditions of these ex-penments 
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With the information from the entire group of expenmentSj it is obvious 
that the liver tissue exhibits the greater oxidation of the substrate, tyrosme 
Since the same tissue when deficient m vitamm C loses this property, it must 
be determined whether or not the addition of the vitamm to the reaction 


Table V 

Carbon Dioxide Production by Kidney Slices 
The results obtained with four guinea pigs are represented in each group 




Norm&I 

Scorbutic 

Ascorbic aad lOiecUoa 



Scorbutic 

Normal 

Control flasks. 

QcOi, range 

5 30-8 40 


6 01-6 23 

6 12-7 61 

without substrate 

“ average 

8 39 

6 24 

6 13 

6 93 

With 5 52 imero- 

“ range 

6 00-8 44 


5 26-6 63 

6 54-7 81 

moles tyrosine 

“ average 
CO, 

Tyrosme' 

“ aver- 

age 

7 03 

0 -0 227 

0 129 


6 28 

0 -0 097 

0 045 

7 04 

0 -0 097 

0 030 


Table VT 
Tyrosine Oxidation 


Liver slices with 0 3 mg of extra ascorbic acid 


! 

Coatrol ‘ 

With tyrosme 

0(h 

'?Oi 

0 

Tyrosme 

Scorbutic animals 

2 23 

4 23 

1 64 


2 95 

3 56 

0 53 


2 31 

3 01 ! 

1 

0 66 

Average 

2 50 

3 60 

0 943 

Normal animals 

2 06 

3 71 

1 25 


2 09 

3 33 



2 20 ' 

t 3 37 



i 2 28 

I 3 33 

1 0 78 

Average 

2 16 

i 3 44 

0 S98 


mixture wdl cause the liver to oxidize tyrosme again Expernuents \nt 
scorbutic and normal gumea pigs were earned out m order that this point 
might be tested 0 3 mg of crystalhne f-ascorbic acid was dissoh ed in the 
Rmger-phosphate solution m the side arm In some of the flasks, 1 0 mg 
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of i-tyrosme was also included By including the vitainin in those flasks 
containing no substrate as well as in the expenmental ones any oxj'gen 
consumed m the oxidation of ascorbic acid may be considered the same in 
both groups The oxygen consumed m the oxidation of tyrosme is then 
calculated as m the other experiments by deductmg that of the control 
flasks A summary of the results is presented m Table VI The oxygen 
to tyrosme ratio of 0 94 clearly mdicates that the addition of ascorbic acid 
to the scorbutic tissue m vitro has restored the ability of the tissue to oxidize 
the ammo acid The ratio, 0 90, obtamed when the vitamm is added to 
normal tissue corresponds to the ratio, 1 14 (Table II), obtamed with normal 
tissue contammg no added ascorbic acid Carbon dioxide production 
parallels that of the oxygen consumption but as m the previous experi- 
ments the calculated ratios are somewhat less 

DISC033I0X 

The results of these experiments show that the abihty of slices of sumv- 
mg hver tissue from gumea pigs to oxidize the ammo acid, tyrosine, is 
dependent upon a normal intake of ascorbic acid, for vitamm C-deficient 
hver exhibits almost no oxidation of the compound That the property is 
not permanently lost has been shoivn by the fact that scorbutic animals 
when admmistered the vitamin are then able to oxidize tyrosme Likewise 
the addition of the Mtamin to scorbutic tissue in itiro results m the sub 
sequent return of the normal function 

With the findmg that gumea pig liver slices oxidize tyrosme only m the 
presence of an adequate amount of ascorbic acid, it would appear that the 
vitamm is a necessary and key component of the enzyme systems respon- 
sible for the oxidation of the ammo acid It may even be the prosthetic 
group of one of the enzymes actmg as a respiratory catalyst m tyrosme 
metabolism The attractu eness of the hypothesis does not, howeier, 
overcome the lack of conclusive expenmental e\ idence Even though the 
in vitro and in vwo experiments point to a catalj tic role and a demonstrably 
specific one in the latter case (2), an mdirect action of ascorbic acid m 
tyrosme oxidation must also be considered 

The in vitro oxidation of tyrosme bj hver shces is m agreement ivith re- 
sults previously reported from other laboratones (9) However, the ob- 
served ratio of 1 atom of oxygen for each mole of tyrosme present is only 
one-fourth of that found by Bemheim and Bemheim (10, 11) and by Felix 
and Zorn (8) when hver brei was used The lower ratio in the case of the 
shces should not be mterpreted asmdicatmg a different mechanism of oxida- 
tion from that of brei, for more extensive mvesbgation has shown that the 
higher ratios are dependent upon theuseof a greater proportion of hver tissue 
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per mg of tyiosme ' Likewise, it is to be absented from the Jeft-hand graph 
of Fig 1 that the o\ygen consumption of neither the basal nor e\-penmental 
flasks had reached a mavmium at the end of 3 houis Contmuation of the 
ex^periment would undoubtedly have yielded a higher ratio 

Previously descnbed results relating tyrosine metabolism m the mtact 
animal to the ascorbic acid intake may be correlated with these results, dem- 
onstratmg that the oxidation observed is dependent upon a normal state 
of vitamm C nutrition It may be assumed that the normal catabohc 
breakdown of tyrosme occurs readily only when the liver contams an ade- 
quate amount of the vitamm WTien the vitamm is present m madequate 
amount, the extra tyrosme fed to the mtact animal does not proceed through 
its customary channels of catabolism, but instead is excreted prmcipally 
as p hydroxyphenylpyruv ic acid and othei partial metabohtes From this 
it may be concluded that the oxidative deammation of tjTosme occurs 
entirely mdependently of the state of vitamm C saturation 

The results obtained with the feedmg of extra f-phenylalanme also become 
more understandable Smce this amino acid when fed to the scorbutic 
gumea pig or infant (3, 4) hkewise 3aelds prmcipally the tjrosme keto acid, 
the results of the in vitro experiments lead to the conclusion that the failure 
of phenylalanme to be metabohzed occurs after its eonversion to tyrosme 
Such a conclusion is even more tenable m view of the demonstration by 
Moss and Schoenheimer (12) of the readmess with which phenylalanme is 
converted to tyrosme 

It IS also of mterest to pomt out at this tune that the results of the in vivo 
and in vitro experiments clearly lead to defimte suggestions pertainmg to 
other phases of the metabolism of phenylalanme and tyrosme Smce the 
greater portion of either compound is not oxidized m the absence of an 
adequate amount of ascorbic acid, it is obvious that the full caloric value o 
either is not available It is likewise evident that the specific dynamic 
action of these two ammo acids must be greatly reduced when the ascor ic 
acid mtake is low And finally, they must also be less ketogenic m t e 
scorbutic than m the normal animal 

SmiMARY 

1 With f-tyrosme present as substrate the Qos values of sumvmg hver 

shces from normal gumea pigs aie markedly mcreased above t ose o con 
trol shces From the mcreased Qot n ratio of 1 atom of extra oxygen per 
mole of tyrosme present may be calculated u ,i nt 

2 Liver shces from scorbutic gumea pigs, on the other ^ ° ^ 

exhibit the mcreased oxygen consumption m the presence o tyrosme 

‘ Sealock and Goodland, unpublished data 
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3 The scorbutic liver may regam its abihty to oxidize the ammo acid, 
for the administiation of ascorbic acid either in vivo or in vilro results m in- 
creased Qoi values m the presence of tyrasme 

4 With kidney slices, the oxidation of tyrasme is also dependent upon 
an adequate ascorbic acid level, although the importance of the kidney m 
tyrosine catabolism appears definitely less than that of the liver 

5 Carbon dioxide production, m general, parallels oxygen consumption, 
although the observed differences are of smaller magmtude 

6 The oxidation of tyrosme by normal and lack of oxidation by scor- 
butic tissues has been correlated wth tn vivo results obtamed previously 
with normal and scorbutic gumea pigs 
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Glycogen is an almost ubiquitous constituent of the animal cell, but m 
plants its occurrence appears to be limited to the pnmitive thallophytes 
A polysaccharide resemblmg animal glycogen m many respects has, how- 
ever, been isolated from sweet com (1-3) The presence of glycogen m 
bactena has often been claimed on the basis of the color reaction wth 
lodme, but only rarely substantiated by the isolation of the pure polysac- 
chande, and even when this was done, the final identification usually 
rested on the isolation of glucose phenylosazone and was mconclusne, as 
this denvative could, of course, equally well have originate rom mannose 

orfmctose , 

The older literature contains several references to the occurrence 

glycogen m tubercle bacilli (4) Laidlaw and Dudley ® ® 

isolation of small amounts of glycogen (0 33 gm from 10 gm o w 
bacilh) from tubercle bacilh of the human type that a een growm 
broth and treated with chloroform-alcohol previous to the e\ rac ion 
polysacchandes with alkali They characterized the compoim ^ 
lodme reaction, rotation followmg hydrolysis, and iso ation o g uc s 
The more recent literature dealmg ivith the specific ° 

tubercle baciUi likeivise frequently mentions the presence of 
substances, givmg the lodme reaction for glycogen, w ic were 
either by fractioLtion mth alcohol (6) or by digestion with salivary 

th.* buffered Mfue.us e.tracfe „t 
of the avian type, when subjected to high speed cen r uga i ’ , 

considerable amounts of a macro molecular polysaccharid 
glycogen offered an opportimity for a more detailed 
derived from a pathogemc microorganism The purpose „i„gose m 

addition to establishing beyond doubt the exclusive 
this polysaccharide, was to gam an msight mto the molecu 
compound 

* Thia work has been supported by a grant from "[“g" ^"^gtry^of bactena 

Foundation This is Paper XII of a series of studies on the chemisi y 
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The starting matenal consisted of organisms that had been grown m the 
synthetic Sauton medium The extraction of the dismtegrated bacilh 
with borate buffer of pH 8 4 yielded opalescent solutions which by centri- 
fugation at 31,000 g could be separated into the sedimentable glycogen 
fraction and a supernatant contammg a nucleoprotem This compound 
will form the subject of a later communication When dilute tnchloro 
acetic acid was employed as extracting fluid, no nucleoprotem was en- 
countered m the extract, the high speed supernatant and the sediment 
both appeared to contain polysaccharides exclusively The preparation 
obtamed as the high speed sediment of the trichloroacetic acid extract 
exliibited particularly sharp boundaries in the ultracentnfuge and was 
used for the determination of the particle weight of the polysaccharide 
(See Fig 1 ) 

It is peculiar that none of the specific polysacchandcs of the avian 
tubercle bacillus (9) was encountered in the fractions exammed This 



» 


Fio 1 Ultracentnfugo pattern of bacterial glycogen (1 per cent solution m 
barbiturate buffer, pH 7 8) after 810 seconds in a centrifugal field of 39,000 g 

must be due to a particular availability' of the bactenal glycogen to ex- 
traction undei the conditions employed and also, although this would not 
explam the absence of the specific polysacchandes from the high speed 
supernatants, to the low molecular weight (9) of the specific substances 
The amount of glycogen isolated from the bacteria was considerable, when 
small lots were worked up, yields of almost 4 per cent were obtamed 

The bactenal glycogen fraction w'as charactenzed by the specific rota- 
tion of its hydrolysis product, which, agreed perfectly wnth the rotation of 
d-glucose, and by the isolation of two hydrazone derivatives of glucose m 
the pure state, wz , the p-mtrophenylhy'drazone and the p-bromophenyl- 
hydrazone of glucose 

The physical properties of one glycogen specimen were studied m greater 
detad The apparent partial specific volume of this preparation was 
Fj, = 0 63 (m water), quite similar to the value of 0 65 found for rabbit 
Uver glycogen (10) A particle weight of 12 1 million was calculated from 
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sedimentaUon velocity (S 20 = 170 Svedberg units) and diffusion (I >20 = 

0 925 X 10"’) The factional ratio ///o = 1 59 corresponds to an axial 
ratio of about 11 for an elongated elbpsoid The specific viscosity of a 1 
per cent solution m water was found at 0 09, which is m very good agree- 
ment with values reported in the hterature (11-13) The evaluation of the 
viscosity and diffusion data led to a particle weight of 13 2 milhon It is 
evident that the shape of the glycogen molecule deviates somewhat from 
the sphencal form (Compare the discussion m (10, 12, 13) ) 

It has long been clear that glycogen, as isolated from the animal ceU, 
represents a family of polyglucosans of different degrees of polymerization 
The differences m solubihty observed by WiUstatter and Rohdewald (14) 
for lyo- and desmoglycogen are probably attnbutable to varymg molecular 
sizes (12) Estimates of molecular dimensions, based on e^ectron^cro- 
scopic observations, show considerable divergences (15, ^ ^ 

least a fraction of anunal glycogen occurs m a particulate form h^ been 
observed reppatedly (17, 18) It was fortunate that some of the glycogen 
preparations from tubercle bacilh were found monodisperse and could be 
exammed m the analytical ultracentnfuge Rabbit hver glycogen appe^ 
to exhibit a much greater spread m particle size (10, 19) 
that the particle weight found for the bactenal preparations, ^though t e 
highest reported so far, does not represent the upper limit for nat 

^ It ^ noteworthy that the occurrence of glucose m tubercle 

limited to two groups of compounds, vtz , the bactenal glycoge 

here and the acetone-soluble fat m which it is presen as re , , 

It may also be mentioned that tbe glycogen ^ 

bacilb were free of mtrogen and phosphoms The dete^tmn °f 

branch structure (21) of the bactenal glycogen was material 

eluded by the, at least temporary, difficulty of securmg sufficient material 

experimental. 

Prepatahon of Glycogen 

summ of ft. avmn 

the courtesy of Dr M M Stembach) were groro m , yityj.eg.were 
accordmg to Sauton (22) at pH 7 4 and 38° The wee gyspended 

filtered off with suction, thoroughly washed mth > ^ 

m a small amount of water, and dned m the frozen state 

The dned organisms, which were bacilh amounted 

scopic picture, contamed 4 7 per cent N The yi 
to about 18 gm per hter of medium 

> We aro highly indebted to Dr W R Kessler for valuable aid in the cult 

of the microoTgamsms 
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The microorganisms were, previous to the extraction of ■water-soluble 
substances, treated wnth ice-cold ether (20 cc per gm of bacdh) for 24 
hours This treatment removed 4 to 5 per cent of lipid material, i e , 
roughly one-third of the bacillary lipids (20) 

Exlraclion vnth Borate Buffer — In a typical experiment, 1 00 gm of 
tubercle bacilli was mixed with 5 gm of washed, very fine Pyrex glass 
powder (diameter 3 m) and a small amount of borate buffer of pH 8 5, and 
the stiff paste was ground in a mortar for 30 mmutes The microscopic 
observation of the preparation at this stage revealed the presence of acid- 
fast rods ■with less well marked contours together with a high proportion 
of acid-fast fragments After the addition of 70 cc of the borate buffer, 
the mLxture was kept m the refngerator overnight and then spun m a re- 
frigerated angle centrifuge at 4000 rp^m (1900 g) The opalescent 
supernatant w'as subjected to a prelunmaiy' centnfugation at 8000 rj m 
(5000 g) for 30 mmutes and then centnfuged for 3 hours at 20,000 r-p m 
(31,000 g) A refrigerated International centrifuge wnth multispeed attach- 
ment was used This treatment resulted m the separation of a colorless 
translucent jelly from a clear protem-contammg supernatant The jelly 
was dissolved m borate buffer of pH 8 5 and the strongly opalescent solution 
subjected to two more cycles of centnfugation at mtermediate and high 
speeds At this stage, no*protein could be detected by means of tnchloro- 
acetic acid m either the sediment or the supernatant The transparent 
sediment was dissolved m distilled water and the solution dialyzed against 
runnmg tap water for 24 hours and agamst ice-cold distilled water for 48 
hours Folloiving the evaporation of the water from the frozen solution 
m a vacuum, 38 7 rag of ghjcogen (3 9 per cent of the startmg matenal) 
were obtamed as a volummous wlute felt The yields of this fraction 
vaned between 2 5 and 4 per cent m mverse proportion to the size of the 
lot processed m one operation 

The protem-containmg supernatant from the high speed sedimentation 
was electrophoretically homogeneous The exammation m the Tisehus 
cell revealed the presence of one component migratmg as a sharp boundary 
with a mobility (m 0 02 ■m barbiturate buffer of pH 7 74) of —7 2 X 10"“ 
sq cm per volt per second (descendmg boundarj^) The removal of the 
water from the frozen dialyzed solution max acuum yielded 34 0 mg of a 
nucleoprotem (3 4 per cent of the startmg matenal) contammg N 9 1, P 
0 93 This matenal gav^e strong color reactions for deso'^ynbose nucleic 
acid with diphenylamme (23) and cysteine (24) and exlubited an absorp- 
tion maxmium m the ultraviolet at 2590 A 

Extraction with Trichloroacetic Acid — A. suspension of 20 0 gm of tubercle 
bacilli m 140 cc of water was ground with 50 gm of washed Pyrex glass 
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powder, 140 cc of 0 2 n trichloroacetic acid in water were added, and the 
mixture was shaken mechamcally for 17 hours at 0° The bactenal residue 
was removed by centrifugation and washed with 0 1 n tnchloroacetic acid 
The combmed supernatants were dialyzed against running tap water for 
64 hours and, foUowmg concentration by pervaporation to a volume of 
about 70 cc , agamst ice-cold distiUed water for 16 hours This solution 
was subjected to several cycles of fractional high speed centrifugation, as 
descnbed in the precedmg section From the supernatant. Fraction 
Tr-1 was obtained by evaporation of the water in the frozen state m a 
vacuum as 162 2 mg of a famtly yellowish powder The sediment, 
treated m the same manner, yielded the white glycogen. Fraction Tr-2, 
weighmg 101 9 mg This material served for the study of the physical 
properties to be descnbed later m the paper 

Chemical Properties — ^The glycogen fractions obtamed by the centrifuga- 
tion at high speed of the borate or tnchloroacetic acid extracts of the tuber- 
cle bacilh formed snow-white powders that were free of mtrogen and phos- 
phorus They were easdy soluble m water, givmg solutions too opalescent 
to permit the determmation of their optical rotation The Mohsch reaction 
was positive, the orcmol reactions for pentoses accordmg to Bial and to 
Neumann, the keto sugar reaction of Sehwanoff and Weehuizen, and the 
uromc acid reaction of ToUens and Neuberg were all negative (25) For the 
quantitative deteimmation of reducmg sugars accordmg to Hagedom 
and Jensen (26) the samples were heated at 100° with 1 x hvdrochlonc 
acid (27) Hydrolysis ivas complete at the end of 2 hours The values 
for total reducmg sugars (calculated as glucose) lay for different samples 
between 102 and 108 per cent Without hydrolysis, the preparations 
showed no reducmg properties 

The reddish brown color, produced by the addition of 1 drop of a 0 33 
per cent lodme solution in 0 67 per cent potassium iodide (saturated with 
sodium chloride) to 1 drop of a concentrated solution of the bactenal 
glycogen, was not much different from that obtamed with purified hver 
glycogen Some differences were, however, observed when the procedure 
recently described by Sumner and Somers (3) was followed The addition 
of 3 drops of a 0 005 \ lodme solution m potassium iodide to 10 cc of a 
0 25 per cent solution of the polysaccharide (half saturated wath ammonium 
sulfate) conferred a light red-brown coloi on the solution of hver glj cogen, 
whereas the bactenal glycogen solution acquired a pure yellow color that 
was much more intense than that of a control solution from which the 
polysaccharide was omitted This was particularly noticeable when the 
lodme drops were observed before dispersing m the solution 

The preparations discussed here lacked specific activit} and gave no 
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precipitin tests, when examined %vith rabbit antisera against the tubercle 
bacillus stram used m these experiments and also mth pooled anti avian 
rabbit sera obtained through the courtesy of Dr M Heidelberger * 

The electrophoretic behavior of the bacterial glycogen preparations will 
be discussed later m the paper together wth their other physical proper- 
ties, but it may be mentioned here that Fraction Tr-1, isolated from the 
high speed supernatant of the trichloroacetic acid extract, consisted, m 
contrast to the sedimentable macro molecular glycogen fractions, of three 
electrophoretic components with the followmg mobihties and relative 
proportions (barbiturate butTer of pH 7 8, descending boundanes) I, 
—0 6 (24 per cent), II, — 1 2 (63 per cent), III, —2 5 (13 per cent) X lO"* 
sq cm per volt per second 

Enzymatic Hydrolysis — ^Tho action of amylase on the bactenal glycogen 
was examined by means of an Aspergillus amylase preparation, supplied 
by the Wallerstein Laboratones, New York The experiments were earned 
out at 37° m m/15 phosphate buffer (containmg 0 5 per cent of sodium 
chloride) of pH G 2 The action of the enzyme proceeded at a rather slow 
rate liter 40 minutes 12 G per cent of reducing sugars (calculated as 
glucose) was hberated, after 80 mmutes, 20 C per cent, after 120 minutes, 
22 6 per cent From purified liver glycogen, the followmg amounts of 
reduemg sugars (calculated as glucose) were set free under identical condi- 
tions after 40 rmnutes, 27 6 per cent, after 80 mmutes, 34 4 per cent, after 
120 minutes, 38 2 per cent 

Identification of Glucose 

Hydrolysis — A solution of 400 mg of a bactenal glycogen preparation 
(obtamed from a borate buffer extract) in 10 cc of 1 N sulfunc acid was 
boiled with a reflux for 3 hours The addition of a warm banum hydroxide 
solution to the chilled hydrolysate until it was slightlj alkalme was followed 
by acidification with dilute sulfuric acid and complete neutralization with 
a small amount of banum carbonate The neutral filtrate was concen- 
trated in vacuo to a small volume and then, by the addition of water, ad- 
justed to a volume of exactly 100 cc This solution was, by the Hanes 
modification of the Hagedom- Jensen method (28), found to con tarn a total 
of 36S mg of reducing sugars (as glucose), whereas from the optical rotation 
of the solution (a“ = +0 dS^) a, d-glucosc content of 362 mg was calculated 

Glucose p-Ntlrophenylhydrazonc — \ portion of the sugar solution, con- 
tainmg 175 mg of glucose by analysis, was concentrated to drjmess in 
vacuo and the remammg sirup heated with a reflux with 200 mg of freslily 
recrystallized p-nitrophenylhydrazme and 3 cc of methyl alcohol The 
clear solution was e\ aporated in vacuo and the residue extracted with small 

’ We are very grateful to Miss Adclo Karp for these experiments 
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portions of ice-cold methyl alcohol, which left behind 89 3 mg of the 
crude hydrazone meltmg at 185° An additional crop, weighmg 31 2 mg , 
was obtamed from the chilled concentrated mother hquor Two recrystal- 
hzations from 98 per cent alcohol yielded 55 2 mg of pure d-glncose p- 
nitrophenylhydrazone (29) as glistenmg orange pnsms meltmg (with decom- 
position) at 190-191° The meltmg pomt of a mixture of this compound 
with an authentic specimen (m p 190-190 5°) prepared from pure d- 
glucose (Bureau of Standards) was at 189° The substance was, for 
analysis, dned at 61° over PaOs in vacuo 

C„HirN,0, (315 3) Calculated C 45 7, H 5 4, N 13 3 

Found “ 45 8, “5 5, “ (Dumas) 13 1 

The mother hquors from the recrystalhzations yielded 26 4 mg of an 
almost pure hydrazone 

Glucose p-Bromophenylhydrazone — Another portion of the sugar solution, 
contammg 180 mg of glucose by analysis, was evaporated to dryness in 
vacuo The residue was heated with a reflux ivith 200 mg of freshly re- 
crystallized p-bromophenylhydrazme and 5 -cc of 80 per cent alcohol for 
30 mmutes and the solution evaporated to dryness in vacuo The addition 
of 1 5 cc of warm chloroform to the solution of the residue m 1 cc of warm 
absolute alcohol produced the deposition of crystals from the chilled mix- 
ture Two more recrystalhzations from alcohol-chloroform (2 3) yielded 
33 0 mg of the pure d-glucose p-bromophenylhydrazone ((25) p 158) as white 
hexagonal crystals which melted at 146-147° The combmed mother 
hquors yielded 72 8 mg of the same substance No depression of the 
meltmg pomt was observed on admixture of an authentic specimen of the 
hydrazone For analysis, the compound was dried in vacuo over PjOs 
at 61° 

C„Hi,BrNiOs (349 2) Calculated C 41 3, H 4 9, N 8 0 

Found “ 41 0, “ 5 0, “ Pumas) 7 8 

Physical Properties 

The studies presented m this section were carried out with the bacterial 
glycogen preparation. Fraction Tr-2, isolated as the high speed sediment 
from the trichloroacetic acid extract and punfled m the manner described 
before 

Electrophoretic Mobility — The electrophoretic properties of the bacterial 
glycogen were exammed m the Tisehus cell at 1 5°, with the optical arrange- 
ment of Longsworth The mobihty of the smgle component uas lou In 
0 02 M barbiturate buffer of pH 7 8 it nas found at -0 96 (descendmg) and 
—0 97 (ascendmg) X 10“® sq cm per \olt per second Other prepara- 
tions had even loner mobihties, e g , —0 6 
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Ullraceninfuge Studies — ^The sedimentation velocity of the preparation 
(1 per cent solution m barbiturate buffer of pH 7 8) was evinuned in an air- 
dnven vacuum ultracentrifuge’ A typical pattern obtamed ivith this 
preparation is reproduced in Fig 1 It may be seen that the material 
sedimented homogeneouslj uath the exception of a small amount of some 
very heavy polydisperae material The sedimentation constant of the 
bacterial glycogen was sjo = 170 Svedberg units 
Diffusion — ^The diffusion constant (1 per cent solution m barbiturate 
buffer of pH 7 8), detemuned in the Tiselius apparatus at 1 5°, uas D.o = 
0 925 X 10“’ The solutions used for the study of sedimentation and 
diffusion were, previous to the determmations, diaKzed against a large 
volume of barbiturate buffer in the refrigerator 
Partial Specific Volume — The preparation, recovered from its aqueous 
solution by evaporation m the frozen state in a vacuum, was, previous 
to this determmation, dried to constant weight in laciio over PiOj The 
partial specific volume of the glj cogen (0 5 per cent solution m distilled 
water) was determined at 27“ bj means of the fallmg drop method * It 
was found as V^ = 0 03 

Viscosity — The specific v iscositj of a 1 01 per cent solution m distilled 
water at 20 2“, determined m an Ostwald viscosimeter, was ij.p = 0 09 
Particle Weight and Shape — ^The particle weight of the preparation of 
bacterial glycogen, based on the sedimentation and diffusion constants and 
the partial specific volume (30) was calculated as 12 1 million The 
frictional ratio, computed from the same values, ///o = 1 59, corresponds 
to an axial ratio of about 1 1 for an elongated elhpsoid (30) The viscosity 
increment, calculated from the specific viscosity and the partial specific 
volume of the glycogen preparation (31), agrees with an axial ratio of about 
10 for an elongated molecule This leads to a particle w eight of 13 2 milhon 
(from viscosity and diffusion) 

The authors are verj' much mdebted to Mr W Saschek for some of the 
microanalyses, to Mr C I Duca for help with the microscopic examma- 
tions of the bacterial preparations, and to Miss Helen Fabncant for assist- 
ance 


SUVIUARI 

Glycogen prepaiations of very high particle weight were obtamed from 
avian tubeicle bacilli by the sedimentation at high speed of borate buffer 

’ We are highly indebted to Dr A E Soveringhaua for placing the ultracentrifug® 
at our disposal 

* We should like to express our appreciation to Dr D Rittenberg for help an 
advice with regard to this measurement 
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or tnchloroacetic acid extracts d-Glucose was demonstrated as the sole 
product of the hydrolysis of the polysaccharide A particle weight of 12 1 
million was calculated from the rate of sedimentation (sjo = 170 Svedberg 
umts), diffusion (Da, — 0 925 X 10~^), and partial specific volume (TA? = 
0 63) Computations based on the specific viscosity led to a particle weight 
of 13 2 million The isolation of a nucleoprotem fraction is mentioned 
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UUraceninfuge Studies — ^The sedimentation velocity of the preparation 
(1 per cent solution m barbiturate buffei of pH 7 8) vas evammed m an air- 
dnven vacuum ultracentrifuge’ A typical pattern obtamed rvith this 
preparation is reproduced in Fig 1 It may be seen that the material 
sedimented homogeneously uith the exception of a small amount of some 
very heavy polydisperae matenal The sedimentation constant of the 
bacterial glycogen uas sjo = 170 Svedberg units 
Diffusion — The diffusion constant (1 per cent solution m barbiturate 
buffer of pH 7 8), determined in the Tisehus apparatus at 1 5“, was Dm = 
0 925 X 10"’ The solutions used for the studj of sedimentation and 
diffusion were, previous to the dctermmations, diah zed against a large 
volume of barbiturate buffer in the refrigerator 
Partial Specific Volume — The preparation, reco\ered from its aqueous 
solution by evaporation in the frozen state m a \acuum, was, previous 
to this determmation, dried to constant weight m laciio over PjOs The 
partial specific volume of the glycogen (0 5 per cent solution in distilled 
water) was determined at 27° bj means of the falling drop method * It 
was found as Vn = 0 03 

Fiscosdy— The specific \ iscositj of a 1 04 per cent solution m distilled 
water at 20 2°, determined ui an Ostwald viscosimeter, was Vip = 0 09 
Particle Weight and Shape — ^The particle weight of the preparation of 
bacterial glycogen, based on the sedimentation and diffusion constants and 
the partial specific volume (30) was calculated as 12 1 million The 
frictional ratio, computed from the same values, f/fo = 1 59, corresponds 
to an axial ratio of about 1 1 for an elongated elhpsoid (30) The viscosity 
inclement, calculated from the specific viscosity and the partial specific 
volume of the glycogen pieparation (31), agrees wath an axial ratio of about 
10 for an elongated molecule This leads to a particle w eight of 13 2 milhon 
(from xiscosity and diffusion) 

The authors are ^ erj much mdebted to Mr W Saschek for some of the 
microanalyses, to Mr C J Duca for help w ith the microscopic examma- 
tions of the bacterial preparations, and to Miss Helen Fabncant for assist- 
ance 


SUMMARY 

Glycogen preparations of \ery high particle weight were obtamed from 
avian tubeicle bacilli bv the sedimentation at high speed of borate buffer 

1 Weare highly indebted toDr A E Sovennghaus for placing the ultracentnfuge 

at our disposal 

‘ We should like to express our appreciation to Dr D Rittenberg for help an 
advice with regard to this measurement 



THE CITRATE CONTENT OF THE SKELETON AS INFLUENCED 
BY PROLONGED FEEDING OF ACID-PRODUCING AND 
BASE-PRODUCING SALT* 

By jack R LEONARDS and ALFRED H FREE 

(From the Department of BtOchemiatrtj, School of Medicine, Western Reserve University, 

Cleveland) 

(Received for publication, June 1, 1944) 

It has been repeatedly demonstrated that the soft tissues of the body do 
not contain appreciable stores of citrate (1, 2) Recently, however, Dickens 
(3) showed that the concentration of citrate m bone is many tunes higher 
than that of other body tissues and this suggested the possibihty of a con- 
siderable reserve of citrate m the body Class and Smith (4) have shown 
that this store of citrate was not the ongm of the mcreased unnary excretion 
of citrate followmg the admmistration of sodium bicarbonate or sodium 
malate The present mvestigation was designed to determine whether or 
not the bone citrate may be augmented or mobihzed by changes m acid- 
base balance and by the administration of large quantities of citrate 

Methods 

Thirty young albmo rats were divided mto three equal groups and put 
on a diet of commercial dog chow One group received a supplement of 
2 gm of sodium citrate per kilo of body weight per day The other groups 
received equivalent amounts of amm onium chloride and sodium chlonde 
respectively, the animals given sodium chlonde servmg as controls The 
concentrations of the salt solutions were adjusted so that each rat received 
2 ml of the solution per 100 gm of body weight tivice daily The exact 
concentrations were as follows sodium citrate 5 gm of NaaCtHsO? 2 H 2 O 
per 100 ml , ammonium chlonde 2 8 gm of NHiCl per 100 ml , and sodium 
chlonde 3 0 gm of NaCl per 100 ml The salts were administered twice 
d^y by stomach tube for 65 days, durmg which time the animals were 
observed and weighed regularly At the end of this period the animals 
were sacrificed by decapitation The femurs were dissected away from the 
soft tissues, dned at 105° for 48 hours, weighed, and each femur dissolved 
separately m 10 per cent tnchloroacetic acid solution An ahquot of this 
solution was analyzed for citnc acid by the method of Pucher, Sherman, 
and Vickery (5) The calcium content of the bone was detenmned by the 
method of Tisdall and Kramer (6) apphed to an ashed ahquot of the tn- 

* Presented before the Division of Biological Chemistrj of the 4merican Chemical 
Society at Cle\ eland, April, 1944 
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chloroacetic acid filtrate Phosphorus was determined by the method of 
Fiske and Subbarow (7) 

Several days before the animals were sacrificed a sample of 0 2 ml of 
blood was obtamed from the tail and the blood urea determmed by the 
colorimetric method of Ormsby (8) A larger sample of blood was col- 
lected from some of the rats at the tune they were sacrificed and the blood 
urea checked by the usual urease-aeration technique (9) No significant 
differences were found m the results obtamed by the two methods 

DISCUSSION 

The average gam m weight of each group of rats after 65 da^s of supple- 
mentation with sodium citrate, ammomum chlonde, and sodium chlonde 
IS given m Table I It is readily apparent that there was no significant 
difference m the growth rate of the three groups The appearance and 
activity of all the rats were also comparable These observations mdicate 
that the prolonged oral administration of relativ ely large amounts of sodium 
citrate, which is metabolized to give alkalme end-products, or ammomum 
chloride, which is metabolized to give acid end-products, had very little 
mfluence on the nutritive condition of the annuals Smce the control am- 
mals m this senes received sodium chlonde solution by stomach tube, 
their growth rate was compared with another group of animals on the same 
diet but receivmg no supplements No significant differences were found 
In order to ascertam whether any renal damage had been produced m the 
animals as a result of alkali or acid admmistration the blood urea mtrogen 
and the kidney weights were studied The average results which are given 
m Table I when analyzed statistically show no differences m the three groups 
of animals and do not support the contention that the kidney function may 
be impaired as a result of repeated administration of base-producmg salt 
Nor does the administration of acid-producmg ammomum chlonde have 
any adverse effects on renal function These results substantiate the find- 
mgs of Free, Davies, Gustafson, and Myers (10) and Kirsner, Palmer, and 
Humphreys (11) who found that alkali admmistration did not alter renal 
function The results on the composition of the bones, which are gn en in 
Table II, are the average of separate analyses of the two femurs on each of 
the ten rats m the group The fact that the citrate content of the leg bones 
of the three groups of amnials did not differ significantlj is a definite indi- 
cation that the acid-base changes or the admmistration of large amounts 
of citrate has very httle effect on the citrate content of the skeleton 
These results are m accord ivith those of Class and Smith (4) who noted 
that the stimulation of citrate excretion by administration of sodium bi- 
carbonate or sodium malate did not cause anj significant alteration m 
skeletal citrate 
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Values for the calciUDi and phosphorus content of the femurs are pre- 
sented m Table II It ■will be seen that there is no significant variation m 
the calcium or phosphorus content of the bones of the three groups of am- 

TTifila 

The results of this study indicate that the rat can readily resist a stram 
on the acid-base equihbnum produced by either the administration of an 
acid-producmg or a base-producmg salt The prmcipal cntena for this 


Table I 

Nutnliiie Condition and Kidney Function 


Group 

Weight gain 

Average kidney 
weight 

Blood urea 
nitrogen 

Sodium citrate 

Ammomum chlonde 

Sodium chlonde ! 

fa 

146 db 40* 
133 ± 25 

138 ± 27 

sm ptr 100 iw 

0 43 ± 0 03 

0 43 ± 0 03 

0 42 ±003 

mi per 100 cc 

37 ± 6 

40± 8 

37 ± 9 

* Standard deviation 




Table II 

Actd-Base Changes and Composition of Skeleton 


\ 

Gtonp 

CompoutioD oi bone gm per lOO gm dry basis 

Citrate ■ 

Calciuna 

Phosphorus 

Sodium citrate 

Ammomum chlonde 

Sodium chloride | 

0 72 rfc 0 08* 
0 69 ± 0 07 

0 67 ± 0 07 

19 3 ± 3 0 

20 4 ± 4 0 

19 5 ± 2 8 

1 

11 1 ± 0 9 

12 7 ± 2 7 

11 2 ± 0 8 


* Standard de-viation 


are the unaltered growth rate and the absence of any harmful effect on the 
kidneys 


SUMMARY 

Three groups of rats were respectively supplemented with sodium citrate, 
ammomum chloride, and sodium chlonde administered by stomach tube 
The oral administration of sodium citrate or ammomum chlonde in 
relatively large amounts for 65 days had no influence on the nutritive condi- 
tion of the aniTTiftla as evidenced by appearance and growth rate Blood 
urea studies did not mdicate any impairment m kidney function 
The citrate content of the skeleton was not altered by the prolonged 
feedmg of sodium citrate or ammomum chlonde 
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THE DETERMINATION OF FREE CHOLINE 
IN ANIMAL TISSUES 

By R W LUECICE and P B PEARSON 

(Frotn the Nutrition Laboratory, Department of Ammal Husbandry, and the Agricultural 
Experiment Station, Agricultural and Mechanical College of Texas, College 

Station) 

(Received for publication, June 21, 1944) 

The physiological importance of cholme is well recogmzed Its two 
primary functions as a donor of methyl groups and as a constituent of 
lecithm and sphmgomyehn have received considerable attention Vir- 
tually nothmg IS known about the relatively small but probably significant 
amounts of free or unbound cholme occurnng m body tissues Suitable 
methods for determmmg free cholme m a nim al tissues have not heretofore 
been available An adaptation to body tissues of the microbiological 
method for measurmg free cholme m plasma and urme (1) appeared to offer 
the best possibihties The development of such a method would provide 
a means for studymg the physiological importance of free cholme The 
organs used m the present study have been those that are considered more 
important m the metabolism of cholme 
Ihe microbiological method of Horowitz and Beadle (2) for the deter- 
mmation of cholme has with mmor modifications proved very satisfactory 
m our laboratory However, before makmg extensive use of the method 
we considered it desirable to make a comparison of the values obtamed by 
the microbiological and chemical methods The results of this study are 
mcluded m the present paper 


Procedure 

Free Chohne — A 2 to 3 gm sample of the fresh tissue is weighed and 
ground m a mortar The finely mmced tissue is transferred to a 125 ml 
Erlenmeyer flask ivith the aid of 50 ml of a 1 per cent sodium acetate 
solution adjusted to pH 4 6 The flasks are then placed m an oven at a 
temperature of 80° for 1 hour The solution is then centrifuged and the 
supernatant decanted A 5 ml aliquot of the liquid is transferred to a 
15 ml tapered centnfuge tube contammg 10 ml of acetone The tubes 
are then placed m an ice bath for a period of 2 hours and the resulting 
precipitate removed by centrifugation The purpose of this acetone treat- 
ment IS to precipitate any lecithm which may be present That the pre- 
cipitate does contam appreciable amounts of lecithin will be shown later 
m the paper The liquid portion of the acetone-treated extract is trans- 
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ferred to a small beaker which is placed over a steam bath until all of the 
acetone is evaporated The remaining solution is then made up to a con- 
vement volume, usually 50 ml 10 ml of this solution are passed through 
an adsorption column contaimng approximately 1 gm of activated Decalso 
(60 to 80 mesh) The activated Decalso is prepared m the manner de- 
senbed by Hennessy (3) for thiamme adsorption 
Elution of the chohne is effected wth 10 ml of a solution of 5 per cent 
sodium chlonde Tlie cholme-free medium is the same as that described 
by Horowitz and Beadle (2) with the exception that 1 7 of biotm per hter 
gives as good growth response as 5 7 which were used m the original medium 
The methyl eater was found to be as effective as free biotm when used at 
a level to furnish equivalent amounts of biotm Cholineless differs from 
Ladobojctllus arabinosus m its abihty to utihze the methyl ester of biotm, 
as it IS not available to the latter organism (4) Inoculation with choline- 
less, moubation, and measurement of growth response are earned out as 
desenbed m the ongmal method (2) 

TotcH Chohne — For the determmation of total chohne a 0 2 gm sample 
of finely mmced tissue is treated with 10 ml of 3 N hydrochlonc acid and 
autoclaved at 15 pounds pressure for 2 hours The hydrolysate is neutral- 
ized with sodium hydroxide and the whole brought to a convement volume 
An ahquot is now adsorbed on Decalso and the remamder of the procedure 
earned out as desenbed for free chohne 
Horowitz and Beadle (2) used 3 per cent sulfunc acid for the hfaeration 
of chohne from lecithm Wo have compared the results obtamed by hydro- 
lyzing ivith 3 per cent sulfunc acid, saturated banum hydroxide, and 3 x 
h3''drochlonc acid The three hydrolysates on the same tissue gave identical 
results Smee hydrolysis ivith hydrochlonc acid is less labonous, it has 
been used routinely 


EXPERIMENTAL 

If the total chohne content of a tissue could be obtamed by addmg the 
free cholme plus the chohne of the water-extracted tissue after hydrolysis, 
and the chohne obtamed by hydrolyzmg the precipitate formed by treatmg 
the water extract ivith acetone, it would servo as a measure of the adequacy 
of the water extraction and acetone treatment This procedure was fol- 
lowed with four samples of liver The average results for the four samples 
expressed m mg per gm were as follows free cholme content of water 
extract 0 12, cholme m water-extracted residue after hydrolysis 5 30, 
cholme m acetone precipitate of water extract after hydrolysis 0 42 The 
total chohne content of the hver obtamed by addmg the three fractions was 
5 84 mg per gm , which differs by less than 3 per cent from the value of 6 07 
mg per gm obtamed by determmation of total cholme on the fresh hver 
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Agreement between the two values is well withm the range of experimental 
error claimed for the method, and affords confirmatory evidence as to the 
adequacy of the method for free cholme 
Experiments were earned out on pure soy bean lecithm to determme 
whether the lecithm was completely precipitated by the acetone treatment 
of the water extract The cholme present m lecithm is partially utihzed 
by chohneleas and so the complete precipitation of it is essential Known 
amounts of soy bean lecithm were suspended m water and the procedure 
followed as previously desenbed for the determmation of free cholme The 
amount of free cholme obtamed was neghgible, showmg that the lecithm 
was completely precipitated by the treatment with acetone 
It seemed desirable to determme whether the values for free cholme 
obtamed by extraction with water could be verified by extraction with 70 
per cent acetone Smee cholme is soluble m 70 per cent acetone, while 
lecithm IS insoluble, the two methods of extraction should give the same 
values To test this assumption a 2 gm sample of mmced hver tissue m a 
fiber extraction thunble were placed m a Soxhlet extractor The extraction 
was earned out with 70 per cent acetone for 24 hours At the end of this 
penod the acetone was evaporated off over a steam bath and the residual 
solution made up to 50 ml This solution was then assayed for free chohne 
The free cholme values determmed by this method on six samples of hver 
were not significantly different from the values obtamed by extraction ivith 
water followed by treatment wth acetone, as desenbed m the procedure 
Effect of Adsorption — ^All non-basic substances which may mterfere 
with the growth of the Neurospora are ehmmated by the Decalso treatment 
Methionme if present m sufficient amounts will be utihzed by cholineless 
and thus must also be ehinmated (2) The effect of pH on adsorption of 
solutions contammg cholme was studied The results showed that cholme 
IS quantitatively adsorbed at a pH of from 4 5 to 7 0 Table I shows the 
effect of adsorption on the free and total cholme values of hver The 
values for free cholme are very much less after adsorption Thus it is 
apparent that there are appreciable amounts of foreign groivth substances 
present m the water extract and that their effect can be ehmmated by ad- 
sorption While there is a decrease m the values for total cholme mth 
adsorption, it is not nearly so pronounced as m the case of free cholme 
Nevertheless the difference is sufficient to warrant adsorption m the deter- 
mmation of total chohne 

Standard solutions of cholme chloride adsorbed on Decalso are eluted 
quantitatively ivith a solution of 5 per cent sodium chlonde 
Recovery of Chohne Added to Tissue — ^Known amounts of chohne chlonde 
were added to mmced beef liver and assays made to determme the recovery 
Both total and free cholme were determmed on each sample of liver The 
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amount of choline added for the free cholme determination would of neces- 
sity be much smaller than the amount added for the total chohne determin- 
ation For this reason four samples were taken from each hver Two 
samples were necessary for the total chohne, one served as a control and 
to the second a known amount of cholme chlonde was added Two samples 
were used m a similar manner for free chohne detemunations The aver- 
age recovery m the free cholme determmation was 98 2 and 98 0 per cent 


Table I 

Effect of Adsorption on Free and Total Chohne Values of Fresh Liver 



Ftee choUne 

ToUl choUae 


Acbotbed 

Not&diotbtd 

AdMtbcd 

Kot adsorbed 

Average of 10 samplca 

Range 

ftrim 

0 12 

0 OS-0 20 

mt per im 

1 03 

0 75-1 51 

per tt» 

6 50 

5 83-7 02 

mi per pa 

7 25 

6 74-8 28 


Table II 


Recovery of Chohne Added to Beef Liier 


Saapte No 

Type o( 
cboUoe 

1 

CboliDe 
coateat 
of simple 

1 

I Cbollse 

1 added 

ToUl 

Found 

1 

n 

pij Ptrtm 

0 13 

1 

per pn 

0 20 

at ferta, 

0 33 

ml per tm 

0 30 

per call 

91 



6 01 

10 00 

10 01 

10 40 

99 

2 


0 10 

0 50 > 

0 GO 

0 02 

103 



0 42 

15 00 

21 42 

20 03 

90 

3 

Free 

0 13 

0 80 

0 98 

1 04 

100 


Total 

6 SO 

20 00 

20 SO 

20 SO 

100 

4 

Free 

0 OS 

0 90 

0 98 

0 90 

92 


Total 

6 95 

25 00 

30 95 

30 00 

97 

5 

Free 

0 14 

1 00 

1 14 

1 13 

99 


Total 

1 

0 70 

30 00 

30 70 

30 10 

98 


for the total cholme (Table II) These Sgures are well ivithm the hrnits 
of experimental error ascribed to the method 
Comparison vnUi Chemical Methods — ^No information has been reported 
comparmg the microbiological and chemical methods for the determmation 
of chohne It seemed desirable to make such a study, and two chemical 
methods were selected, both of which mvolved the precipitation of cholme 
as the remeckate accordmg to Beattie (5) The first method was that of 
Engel (6) and the other of Marenzi and Cardmi (7) The microbiologa^ 
and chemical determmations u ere made on beef hver which had been dned 
at 105° for 24 hours From the data m Table III it is obvious that the three 
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methods give esseatially the same value for cholme when apphed to hver 
There is no reason to expect that the agreement would not be equally good 
with other tissues 

Detennmation of free cholme m hvei by the chemical methods did not 
prove satisfactory This was due apparently to their relatively lower sen- 
sitivity as compared wth the microbiological method 

Effect of Ingestion of Choline on Tissue Content — Some information was 
secured on the amounts of total and free cholme m tissues as influenced by 
the mgestion of cholme The tissues studied were hver, kidney, and brain 


Table III 

Total Cholme Values of Dned Beef Liver Determined by Microbiological and 

Chemical Methods 


"Method 

No of 

detenntaaUoDs 

Chohae cootcat 

Average 

Range 

Microbiological 

4 

mg Per gr» 

18 60 

mg ptf gm 

17 97-20 21 

Engel 

4 

18 04 

17 50-18 87 

Marenzi and Cardini 

3 

19 13 

18 13-20 07 


Table IV 

Effect of Diet on Choline Content of Tissues of Rats 


Diet&iy treatmeat 

Rat 

No 

Liver 

Kidney j 

Brain 

Free 

Total 

Free 

ToUJ 

Ftet 

ToUl 



mg per gm 

mg per gm 

mg per gm 

mg per gm 

mg per gm 

mg iM 

Control 

1 

0 10 

9 50 

0 13 

3 75 

0 15* 

4 25* 

« j 

2 

0 07 

6 00 

0 17 

6 00 



Fed cholme 

3 

0 06 

7 00 

1 60 

5 25 

0 12* 

3 82* 

(( {( 

4 

0 12 

6 25 

2 37 

6 42 




* Compoaite sample from two rats 


Mature rats were fed a standard diet to which 1 per cent of cholme had 
been added The duration of the feedmg period was 8 days Table TV 
gives the free and total cholme values of the hver, kidney, and bram of two 
rats fed the ration containmg cholme and similar data for rats fed the stand- 
ard diet without the cholme The only stnkmg difference occurred m the 
free chohne content of the kidney The free cholme content of the kidney 
of the rats fed cholme was about 20-fold greater than the values for the 
controls The fact that there was no material mcrease m the free chohne 
content of the hver is rather surpnsmg, as it is generally beheved that this 
organ is the chief site of the metabohsm of cholme The mcrease of free 
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choline in the kidney suggests that this organ may play a r61e m the 
metabolism of cholme However, its mterpretation must await further 
studies 


SUMMARY 

A microbiological method is descnbed for the estimation of free cholme 
in animal tissues Values Cor free cholme m fresh beef liver range from 0 08 
to 0 20 mg per gm This represents about 2 per cent of the total cholme 
in the hver 

For the determination of total cholme the values bj the microbiological 
method agreed very well with the values obtamed by chemical methods 
Incorporation of 1 per cent of cholme m the diet of the rat isaccompamed 
by a rather large mcrease m the free cholme content of the kidney Liver 
and bram tissue showed no correspondmg mcrease 
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MODIFIED ELECTROLYTIC GUTZEIT METHOD FOR RAPID 
MICRODETERMINATION OF ARSENIC* 

Bt ARNOLD E OSTERBERG 

(From the Section on Clinical Biochemistry, The Mayo Clinic, Rochester, Minnesota) 
AND WALTER S GREEN t 

(From the Section on Dermatology and Syphilology, The Mayo Foundation, 
Rochester, Minnesota) 

(Received for publication, June 16, 1944) 

An investigation requiring the accurate determination of minute amounts 
of arsemc m cerebrospmal flmd led to the further modification of the elec- 
trolj'tic Gutzeit method previously reported by the semor author (1) The 
present method allows the determmation of 1 to 100 y of arsemc ivith an 
error of 5 per cent or less The per cent of error is increased to between 5 
and 10 per cent when the values dealt with are between 0 1 and 1 0 7 The 
apparatus (Fig 1) and procedures are relatively simple and as many deter- 
mmations as one has electrolytic chambers for can be made m about an 
hour and a half 

The method consists of a prelimmary sulfunc acid digestion of the sample 
and reduction with stannous chloride Electrolysis of the acid solution is 
utihzed to liberate arsine After passage of the arsine through glass wool 
impregnated with lead acetate, it stains a mercunc chlonde-sensitized strmg 
to a length accurately proportionate to the amount of arsemc present 

The mercury bromide-sensitized paper strips previously used have been 
discarded m favor of the mercunc chlonde-sensitized strmg snugly sus- 
pended m a capillary tube as described by How (2) A complete review of 
the literature is mcluded m his article How made a careful and thorough 
study of the vanous types of sensitizers, matenals used for mdicators, and 
the conditions which gave the most satisfactory results With a few vena- 
tions, the strmg is prepared and used as recommended by How It not 
only has the advantage of a uniform and sharply demarcated stam but also 
allow s a very broad range of determmations wnthout loss of accuracy This 
IS made possible through the use of strmgs of varymg degrees of sensitivity 
For such mmute quantities as 0 1 to 2 0 7, strmgs saturated m 0 25 per cent 
solution of mercunc chlonde are used, for 1 to 10 7, strmgs saturated m 1 

‘Based on a portion of the thesis prepared by Dr Green for submission to the 
Faculty of the Graduate School of the University of Minnesota m partial fulfil- 
ment of the requirements for the degree of Master of Science in Dermatology and 
Syphilology 

t Fellow in Dermatology aud Syphilology, The Mayo Foundation 
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per cent solution of mercunc chloncie are used, and for 5 to 100 y, stnngs 
saturated in 5 per cent solution of mercunc chlonde give the most satisfac- 
tory length of stain 

Reagents completely free of arsemc are desirable and, even if these are 
available, blanks should be run at frequent intervals, smce the minute traces 
from the glassware, apparatus, and the so called arsenic free reagents are 
detectable with the more sensitive stnngs When samples containing rela- 
tively large amounts of arsenic, for example 50 to 100 y, are run, detectable 
traces remam in the chamber despite thorough ivashmg These can be 
removed only by contmumg electrolysis ivith blank reagents in the chamber 
for a number of hours 

Followmg digestion. How reduced the pentavalent arsenic to the tnva- 
lent state by the addition of 0 1 gm of sodium bisulfite to the sample, 
heatmg for 30 mmutes on an 80-85“ water bath, and then removmg the 
remainmg sulfur dioxide by boihng for 3 minutes The sodium bisulfite is 
unstable in aqueous solution and therefore 0 1 gm amounts of the ponder 
must be weighed individually An additional objection is the relatnely 
rapid exhaustion of the lead acetate scrubber by the traces of remaining 
hydrogen sulfide which is produced Equally satisfactorj reduction can be 
obtamed by adding 3 drops of a 60 per cent solution of stannous chlonde m 
concentrated hydrochloric acid and boiling for only 3 minutes 

How’s method requires meticulous and time consuming preparation of 
the zinc alloy generator which, however, is reported to give consistently 
uniform results The advantage of the electrolytic chamber lies in its 
relative simphcity of construction and use The apparatus can be made by 
the average glass-bloiver It operates on a direct current of 1 0 ampere and 

12 0 volts, and any desired number of the electrolytic chambers can be 
connected m series 

Instead of the V-shaped cathode and anode chambeis separated by an 
alundum disk as previously described, the apparatus now used has a 
sealed-in porous glass disk at the base of the cathode chamber which is 
convemently suspended ivitlun the anode chamber When the apparatus 

13 set up so that the fluid level in the anode chamber is shghtlj higher than 
that in the cathode chamber, diffusion of arsenous acid out of the latter is 
prevented and complete and rapid reduction of the arsenous acid to arsme 
occurs The gases evolved from the electrolytic chambers have a high 
water vapor content but a more umformly high saturation is msurea 
through the msertion of a water saturation tube as shown in Fig 1 
actual water trap should not be used with the electrolytic apparatus, since 
it IS not a completely closed system and a trap alters diffusion through the 
porous glass disk 

The electrolytic chamber rests in a water bath which dunng operation is 
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maintained at a temperature of about 5° above the temperature of the capil- 
lary absorption tube, which is at room temperature As emphasized by 
How, this temperature ratio gives the sharpest stain end-pomt, a fact 
probably attributable to water vapor condensation 



A'pparalus and Reagents 

The apparatus consists of Pjrrex glass and petrolatum-lubncated ground 
glass jomts of the dimensions noted on the diagram The cathode consists 
of a lead tube folded from a sheet, or preferably of a platmum tube, smce all 
lead sheet at our disposal contains traces of arsemc The anode is a small 
sheet of platmum bent to conform to the curvature of the chamber The 
cathode is fastened to the glass stopper by a sealed-m platmum wire con- 
nected through mercury to a copper wire contactmg the source of current 
Short pieces of msulated copper wire with termmal clamps serve as connec- 
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tions Amperage of the direct current is controlled by a rheostat con- 
nected m the circuit 

The electrol3d.ic chambers are placed m a metal rack resting m a water 
bath with mlet at the bottom and dramage near the top A thermometer 
IS suspended in the water bath Adequate temperature control is effected 
through regulation of the rate of water flow 
The lead acetate-impregnated glass wool for removal of hjdrogen sulfide 
gases IS prepared by soaking the glass wool for several hours m 10 per cent 
solution of lead acetate The excess solution is expressed and the glass w ool 
placed on a towel to dry m the air Strands of the glass wool are then 
loosely packed mto the long side arm stem 
The water vapor chamber should contain 0 2 cc of distilled water and 
can be filled from the top with a pipette 
The strmg (No 8 kmtting cotton) can be prepared by wmdmg 20 to 50 
feet of it m closely spaced spirals around a glass cyhnder or tube A 500 
cc cyhnder is satisfactory The alcohohe solution of mercunc chloride of 
the desired concentration (0 25, 1 0, or 5 0 per cent) is prepared with 95 per 
cent alcohol The wound tube is immersed m the solution which has been 
poured into a cyhnder large enough to accommodate the wound tube Al- 
though How recommended soakmg for manj' hours, we have found 1 hour 
of soakmg to be adequate, although longer soakmg does no harm Upon 
removal of the wound tube from the solution, the entire stnng is drawn off, 
held slightly taut, and rotated m a horizontal position while it dries for 5 
mmutes With a minimal amount of handling the strmg is cut mto 10 to 
12 cm pieces, which are stored m a covered glass tube or chamber protected 
from the light with black pamt or paper Despite apparent uniformity of 
technique in preparation of stnngs of the same concentration, shght differ- 
ences in sensitivitj occur between the different lots, so that for greatest 
accuracy each lot must be standardized individually 
A 2 per cent solution of sil\ er nitrate m a 10 per cent solution of ammo- 
nium hydroxide is used to develop the black stam on the exposed end of the 
strmg 

The 60 per cent solution of stannous chlonde solution is prepared by dis- 
solvmg 30 gm of the crystals m concentrated hydrochlonc acid made up 
to 50 cc 

12 5 per cent sulfuric acid is used to half fill the anode chamber for 
electrolysis 

Concentrated sulfunc acid and a 10 per cent solution of copper sulfate are 
used m the digestion nrocess 


Procedure 

Tor the analysis of a biological fluid such as spmal fluid, add 5 cc of con- 
centrated sulfunc acid and 0 5 cc of 10 per cent copper sulfate solution to 
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2 cc of spmal fluid in a Kjeldahl flask Boil m a hood or on a Kjeldahl 
digestion rack for 30 minutes and then cool If blood, feces, skin, or other 
tissues are being analj zed, use 10 to 20 cc of sulfunc acid and 1 cc of copper 
sulfate solution and contmue the digestion for an hour 
Dilute the digested mnxture to 50 to 100 cc and use an ahquot part for 
electrolysis, the quantity of the ahquot dependmg on the amount of arsemc 
e\pected to be present A 20 or 25 cc ahquot part is usually satisfactory 
Add 3 drops of the 60 per cent stannous chloride solution and two Pyrex 
glass beads to the ahquot pait m a 100 cc Erlemnejer flask and boil for 3 
minutes Cool 

Fill the anode chamber wath 12 5 pei cent sulfunc acid to about the half 
full mark Place the cathode chamber down m the anode chamber and 
after 1 to 2 cc of acid ha\ e diffused up through the porous glass disk pour 
the contents of the flask mto the cathode chamber Rinse the flask inth 
1 to 2 cc of distilled water fiom a wash bottle and add the washing to the 
cathode chamber Ideally at this point the fluid level m the outer anode 
chamber should be about 1 cm higher than m the inner cathode chamber 
The cathode and its glass stopper are lowered mto place, sealmg the chamber 
which IS placed in the water bath 

The capillary absorption tube contaming the sensitized strmg, previously 
placed m position by applying slight suction, is now affixed to the water 
vapor chamber which m turn can be fitted into its ]omt at the top of the 
long side arm The direct current tenninals are clamped to the electrodes 
and the electrolysis contmued for 30 minutes 
After this tune the sensitized stnng is withdrarvn from its tube and the 
lower end is dipped into the 2 per cent solution of ammomacal silver nitrate 
A deep, black, sharply demarcated stain instantly develops over the end of 
the strmg The length of stain is measured with calipers or with a milli- 
meter rule against a white background 
Prehminary tests with known amounts of arsemc give data for tables or 
curves, so that the calculation of the amount of arsemc in the sample 
depends merely on the amount of ongmal material digested, the amount of 
dilution, and the size of the ahquot part For example, 2 cc of spmal fluid 
diluted after digestion to 50 cc , of which 25 cc have been used as the ahquot 
part, give a stam 5 0 mm long on a stnng saturated m 0 25 per cent solution 
of mercuric cblonde Tabulated data from prelimmary “known” analyses 
show that a 5 0 mm stam on the 0 25 per cent string of that lot is equiv alent 
to 1 0 Y of arsenic The sample of spinal fluid therefore contained 10*/ 
of arsemc per cc 

Representatix e samples of sensitized string saturated with a 1 per cent 
solution of mercunc chlonde have m our hands given the followmg lengths 
of coloration with the various quantities of arsenic I y, 1 0 mm , 3 y, 3 0 
nun , 7 y, 6 8 mm , 10 y, 9 8 mm 
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SUMMARY 

We have described aa apparatus and technique which combme the use of 
an electroljd.ic Gutzeit device mth certain features of the How method for 
the determmation of minute amounts of arsenic m biological matenal The 
accuracy of the method is of the order of 10 per cent for amounts of arsemc 
from 0 1 to 1 0 7 and is increased to 5 per cent with amounts of arsenic from 
1 0 to 100 7 
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COAIPOUNDS BY DISTRIBUTION STUDIES 

II SEPARATION BY COUNTER CURRENT DISTRIBUTION 
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(Received for publieation, July 3, 1944) 

In a previous publication (1), a method for the identification of extremely 
small quantities of organic compounds through the use of distnbution data 
has been proposed The procedure given should be qmte rehable and sensi- 
tive for certain types of compounds, such as the antimalarial drug atabrine, 
for the reason that in this particular case the curves derived are functions 
not only of the distnbution constants m a senes of solvents, but also of the 
dissociation constants and the fluorescent capabihties as well Atabnne 
or any other compound of acid or basic character which can be studied 
spectroscopically is thus particularly well suited for such a study 
However, many of the compounds of pharmacological and biological 
mterest or their metabohc or detoxification products do not have pro- 
nounced basic or acidic groups, and are not suited for convenient spectro- 
scopic study with the methods at present available The absence of either 
one or both such favorable properties obviously lowers the rehabihty of con- 
clusions which might be drawn from distnbution studies, unless some 
method is employed which is capable of greatly enhancmg the significance 
of the distnbution data A search has been made for some way of accomp- 
hahmg the latter, and also for some method of making use of distribution 
data to brmg about actual separation of submicro amounts when the data 
mdicate mixtures to be present 

In more recent years, a very useful and important techmque has been 
developed for the separation of complex mixtures by the use of the relative 
distribution of the constituents between two hquid phases, and has come 
to be known as “counter-current extraction” (2-4) If this type of pro- 
cedure could be modified m a manner to make it more practical for the 
study of the extremely small amounts with which this mvestigation is con- 
cerned, it would appear to offer the most promismg approach to the problem 
stated above The hterature of mterest, from our particular iieu -point, 
IS well summarized m a paper by Martm and Synge (5) 

Also of especial mterest m this connection is the outstandmg contribution 
of Martm and Synge (6), m which a new fonn of chromatogram for which 
two hquid phases are employed has been developed One, an aqueous 
phase, was immobilized m sihca gel Unquestionably, their beautiful 
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technique could offer pieciaely the tool needed for nian> aspects of our 
problem However, it would appear to have certam limitations m further 
exploiting the approach suggested by the previous pubhcation (1), partic- 
ularly when mixtures of different solvents and buffered solutions are 
employed 

Irrespective of the possibihtics inlierent m the method of iVIartm and 
Synge, an entirely different tvpe of apparatus, rather simple m design, 
has been de\ eloped m this laboratory It would appear to lack certain 
features of the large scale equipment for continuous fractionation, but has 
certam admirable features from an analytical standpomt 

It was constructed, as show'll in Fig l.byMr Otto Post of our laboratory 
We are greatlv mdebted to him for the especially precise w ork, for the many 
valuable suggestions, and for technical assistance throughout its develop- 
ment 

The mam part of the apparatus w as made from the largest stock of stam- 
less steel which could be obtained at the time, approximately 11 4 cm m 
diameter Tins was cut into three parts, 8, 10 5, and 1 3 cm long The 
one 8 cm long formed the loner part, ^1, of the apparatus Twenty holes, 
each 12 mm m diameter and 6 cm in depth, were drilled m -4 so that they 
formed an exactly symmetrical arrangement of tubes m a circle around the 
outer portion of the cylmdcr Each hole was 3 6 mm from the next and 
was 3 6 mm from tlio outer edge of the cyhndcr Each one would con- 
tain e-xactly the same volume Most of the metal m the center 6 mm from 
the inside edges of the holes was remov'cd, m order to make the apparatus 
lighter A layer approximately 3 cm thick was left for the support of the 
central stem, E, which holds the apparatus together 

The part 10 5 cm m length formed the central part, B, of the apparatus 
Holes of the same diameter and spaced exactlj" the same as in A were sim- 
ilarly drdled, but m this part extended entueb’’ through the section Here 
agam, most of the central part of the metal was remov ed, with the exception 
of a layer approximately 2 cm thick which formed a bearmg through 
which the central stem, E, could pass 

The part 1 3 cm m length formed the cover, C A layer of the metal 
approximately 2 mm m depth was removed from the central portion of the 
under side at a distance of 22 mm from the outer edge of the plate A hole 
just large enough to allow the passage of E was then drilled in the center 
Another hole 10 mm m diameter and threaded to recewe the plug, E, 
was drilled so that its outer edge was 4 mm from the outer edge of the plate 
The liqmd m any one of the tubes could be wuthdrawn at will by removing 
H 

The central stem, E, was made from a stainless steel rod 13 mm m diam- 
eter Its lower end was attached to A exactly m the center by a thread, 
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60 that it stood parallel with the long axis of the apparatus The stem 
extended through a hole dnlled m the center of B and through a similar 
hole m C It extended approximately 4 cm above the cover, C, and had a 
thread at the top A large wmg-nut, F, was used to hold the three parts 
firmly together A rather strong coil sprmg, G, was placed ]ust under the 
wmg-nut, F 



Fig 1 Counter current distribution apparatus 

The surfaces between A and B, and between B and C were accuratelj 
ground to prevent leakage m a manner sunilar to the waj desic^tor ops 
are fitted However, the cover, C, was found to bend just enough to ^use 
leakage when pressure was applied to it from the wmg-nut, F, an i 
found necessary to place o\ er C another similar cover, D, ma e m e 
uay, hut not necessarily accuratelj ground, so that the pressure wo e 
applied directly to the outer edges of the cover, C When properly cleaned 
and used under constant temperature conditions, verj tt e ea o® oc 
curred at the ground jomts 
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A piece of metal, I, was securely fastened by means of screws to A at 
the position shown The upper part of this carried an mdicator plug, J, 
sueh as that used on millmg machines J had a small coil sprmg attached, 
which forced it into the small holes, K, accurately placed on the outer sur- 
face of B m such a position that the tubes m A and B were exactly over 
each other when the plug entered the small hole The part B could be thus 
rotated around the stem, E, and stopped at any desired position wuth the 
tubes of A and B exactly comcidmg The upper tubes were numbered 
counter-clockwise, startmg with 0, and the tubes in A were numbered 
clockwise, startmg with 0 

The apparatus, when put together, thus contams a total of twenty tubes 
12 mm m diameter and IG 5 cm m length which, for purposes of theoretical 
discussion, may be considered as a senes of separatory funnels For opera- 
tion, two liquids mutually saturated with each other are placed m each tube 
with the volume of the heavier layer always fixed at just sufficient to fill 
theA part of the tube The meniscus chvidmg the two layers is thus alwa}s 
at the pomt where it can be cut by rotation of the part B, with .1 remammg 
stationary The operation of filling the lower half of the tubes can be 
quickly accomplished by adjustmg the part B so that the tubes are midway 
from comcidenco wth the tubes of A Each tube of B will then connect 
with two tubes of A, and all the tubes m the apparatus wnll be connected 
with each other The lower tubes can be filled by pounng 130 cc (6 5 co 
for each tube) of the heavier hqmd mto one of the tubes at the top V few 
turns of B on A then equally distnbute the fluid so that it just fills all the 
tubes of the part A 

After upper Tube 0 is brought over lcw\er Tube 0, 6 5 cc of the lighter 
layer are added to each of the tubes There will now bo an air space 4 5 
mm long above the surface of the liquid, which is sufficient to allow for 
shaking after the top is sealed with the cover, C The sample of the sub 
stance to be distributed is placed m Tube 0 Shaking is accomplished by 
quickly mvertmg the apparatus agam and agam at a speed which keeps the 
liquid constantly m motion The whole assembly is somewhat too heavy 
for a shaker and, because of the rathei narrow tubes, mversion with the use 
of a bearmg for support proved the best way of shaking In order to con- 
trol the speed of mversion, a glass tube of exactly the same inside dimen- 
sions as the ones m the apparatus is filled with the same volumes of the two 
layers rmd attached to the outside of the apparatus by means of mbber 
bands The optimal manner of shakmg and handlmg of the apparatus can 
best be governed by observing the behavior of the two fluids m this tube 

After bemg shaken (from 0 5 to 2 0 mmutes, dependmg on the ease o 
emulsification, has proved sufficient to reach essential equilibrium), the 
apparatus is placed upnght and allowed to rest until the two layers separate 
The wing-nut, F, is then released slightly so that the parts are held together 
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only by the force of the coil spring, G, and the indicator plug, J, is pulled 
out The upper numbers are advanced shghtly by rotatmg B clockwise on 
A, and the mdicator plug is allowed to spnng m again When B is rotated 
further on A, the indicator plug will snap mto position, and at this pomt 
upper Tube 0 iviU be exactly over lower Tube 1 The shaking, etc , can 
then be repeated until upper Tube 0 is over lower Tube 19 At this stage, 
nineteen equilibnums or “plates” have been accomplished In this paper, 
the term plate will be apphed to each one of the stages as described 

The term plate, as used m this paper, is not the same as the concept of 
“theoretical plate,” as used by Varteressian and Fenske (3) and others m 
counter-current extraction work The degree with which the former 
approaches a theoretical plate would appear to depend on a number of 
factors, such as whether or not equal volumes of hquid are present m the 
upper and lower layers, the extent to which complete equdibnum is reached, 
the sharpness of separation of the two layers, etc 

After the pomt m the procedure has been reached at which upper Tube 0 
is over lower Tube 19, a number of different ways of proceedmg may be 
followed, dependmg on the puipose to be accomplished and the type of 
mixture Some of these might be as follows 

1 All the fluid, both upper and lower layers, of which lower Tube 19 is 
a part, may be siphoned out through the opemng m C, andmvestigated by 
some means to learn whether any of the substance bemg studied has 
reached this tube If not, the solvents can be replaced and more plates 
apphed until an appreciable amoimt of the material has reached the tube 
mentioned The total number of plates apphed is then recorded, and each 
of the twenty tubes mvestigated by some means, such as titration, spectro- 
scopic analysis, evaporation to dryness, etc , to learn what percentage of 
the total employed m the beg innin g is present m each tube 

2 Procedure 1 may be contmued by withdrawmg the material m the 
tube of which lower Tube 19 is a part, settmg it aside, replacmg the fluid 
with exactly the same volumes of the two layers with fresh solvent, and 
progressmg one more plate This procedure can be repeated mdefimtely 
until most of the material with the higher distribution constant has passed 
from the apparatus Fmally, those first obtamed, together with the tu enty 
remainmg m the machme, are mvestigated to determme the amount in 
each tube 

3 Procedure 1 may be followed until nineteen plates (more or less, if 
desired) have been applied and the distribution has been learned by m- 
vestigation of the amount m each tube Certam strategic fractions of 
optimal percentage can then be combmed, the solvent remo\ ed, and the 
whole operation repeated on the selected mixture The procedure can be 
repeated mdefimtely until the desired separation has been achiei ed 

Other procedures which are vanations of these naturally may be follou ed 
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It appears scarcely advisable to consider them here, but rather to mvesti 
gate somewhat the possibilities and the limitations of the three given 
Furthermore, it seemed ^vlse m the beginnmg to establish defimtely the 
degree to which a pure substance is distnbuted, or travels around the circle 
of tubes, accordmg to mathematical calculation For this latter purpose, 
;3-naphthoic acid was chosen 

On general grounds, it appeared desirable to choose two hquids for the 
immiscible solvents which would give a distribution constant not far re- 
moved from 1, m order to gam the most satisfactory view of the performance 
of the apparatus A ivide variation m the distnbution constant can 
obviously be achieved through the use of mL\cd solvents It was found 
that a mixture of 50 per cent benzene-50 per cent hexane for the upper 
layer, and SO per cent methanol-20 per cent water for the lower layer 
(mutually saturated with each other) ga\ e a distribution constant at room 
temperature of approximately 0 391, a figure witbm the desired range Pro- 
cedure 1 was, therefore, applied to 188 mg of the acid m the solvents 
mentioned Since a known, pure substance was taken at the beginning 
and some hmt of its rate of travel could be unplied from the distribution 
constant, no mvestigation of the amount m the tube over lower Tube 19 
was made after nineteen plates had been apphed Instead, more plates 
were apphed until a total of 59 had been reached Upper Tube 0 had thus 
passed around the cucle of lower tubes two times and further, until it was 
agam over lower Tube 19 The material m each tube was then removed 
and titrated with standard 0 1005 x sodium hydroxide against phenol- 
phthalem 

WTien the volume of standard alkoh consumed was plotted against the 
number on the lower part of the tube, the stnkmgly symmetneal curve 
shown m Fig 2, Curve I, was obtamed Here the choice of tube numbeis 
for the abscissa is arbitrary , as long as the tubes are arranged consecutiv ely 
It could be considered just as well that the upper part of the tube is station- 
ary and that only the lower part moves counter-clockwise, or it could be 
considered that each moves an equal distance m opposite directions The 
arbitrary convention, m which the lower part of the tube is considered 
stationary, seems a httle more easy to discuss and will be followed through- 
out this paper 

The general similarity m shape of the experimental curve obtamed to 
that of a Gaussian distnbution curve suggested at once that an equation 
should be possible which is based on the number of plates, the distribu'ion 
constant, K, and the concentration This possibihty was discussed wim 
Dr Alexandre Rothen, who pomted out the similanty of the effects obtamed 
to those of Imear diffusion against a concentration gradient We w 
greatly mdebted to him for his suggestions which, m the mam, led to e 
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development given below Analogy of certam aspects of counter-current 
extraction to diffusion had been suggested previously by Cornish, Archibald, 
Murphy, and Evans (2) 

Lmear diffusion against a concentration gradient is described by the 
classical Equation 1, developed many years ago by Wiener (7) 


— 

dx 


C 




( 1 ) 


A basis for the theoretical behavior of counter-current distnbution m 
the practical range may be established from a few approximate tables 
based on the percentage of substance m the upper layer (E/(l + K)),such 



Fig 2 Curve 1 represents the e\perimentally determined our%e for pure 0 naph 

thoic aeid (59 plates), Curve 2, calculated curve. Curve 3, calculated curve with 
maximum superimposed over experimentally determined ma\imum 

as Table I (bmomial expansion (6)) Table I gives the distributions ob- 
tamed with equal volumes of the hght and heavy layers when 1 gm of 
substance havmg a distribution constant of 1 is used For convemence, 
the figures of Table I were rounded off to the nearest 0 001 gm^ Either 
by plottmg curves at the various plates, or by examination of Table I, 
it can be derived that the maximum of the distribution curve will mi- 
grate from the startmg pomt 0, accordmg to the percentage m the up- 
per layer, Equation 2 
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In Equation 2, Km the distribution constant, n is the number of plates 
apphed, and iV is equal to the number of tubes the maximal concentration 
has migrated from Tube 0 K/ {K + 1) would thus seem to relate the rate 
of migration of the band to the distribution constant, and might be sub- 
stituted for the diffusion constant D m Equation 1, when the number of 
plates apphed is also substituted for time When this v> as tested out on the 
theoretical cases from Table I, the relationship was found to hold if K/ 
(K + 1) were multiplied by the constant 0 26 
Other theoretical tables, such as Table I, were calculated for cases m 
which the distnbution constant is other than 1 (/f = 0 5, 0 25, and 0 1), 
and a similar approach was made as m Table I In this way, it was found 
that the constant 0 26 did not hold for any of these, but that each had a 


Tabli. I 

Calculated Dtalnbution 

The values are given in gm to the nearest 0 001 gm 


No of 
plates 

No OQ lower half of tube 

applied 

0 

1 

2 

I 

4 

s 

6 

7 
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9 

10 

0 
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0 375 
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0 164 
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0 219 


0 219 
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1 m 

0 017 


0 164 


0 210 
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j m 

0 oil 


0 117 



mmm 






characteristic constant of its oivn If, for simphfication, this constant is 
comhmed with the constant 4 of Equation 1, Equation 3 would result 

* „ (3) 

Equation 3, therefore, approximates closely the distnbution of the matenal 
as it migrates around the circle of tubes at the rate expressed by Equation 2, 
for the 'practical range of use In Equation 3, C = the amount of substance, 
K = the distnbution constant, a = a constant characteristic of the distn- 
bution constant K, n = the number of plates applied (the number of opera- 
tions), and X = the number of tubes removed from the tube of maximal 
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concentration On theoretical grounds, it is to be expected that, for the 
migration of the band after a true Gaussian distnbution had been reached, 
the constant a would approach 4, and thus the whole phenomenon would 
become exactly the same as that of diffusion 

Curves calculated from Equation 3 could naturaUy not be expected to 
fit experuneatal curves until enough plates had been apphed so that a 
symmetncal distnbution had essentially been reached The number of 
plates required for practical appheation vanes with the distnbution con- 
stant For an approximation, the minimal number of plates required is 
given by Equation 4 

For fewer plates, the curves can be calculated from tables or from the 
bmomial expansion calculation 



Fig 3 Relation of constant a to distribution constant K 

The constant a can easily be denved from tables such as Table I, but to 
prepare such tables foi each distribution constant encountered would be a 
very laborious procedure This objection was easily overcome when it 
was found from the fen tables already prepared that the constant plotted 
against the negative logarithm of the distnbution constant gave the curve 
as shown m Fig 3 The constant a is thus easily obtamed for any if m a 
practical range which might be encountered 
Equation 3 cannot be used directly as such when the distnbution constant 
IS greater than 1 For these cases, it may be considered that the two 
phases are mverted, or that the lower part, d, of the apparatus is the one 
which IS rotated Thus it is permissible to use 1/if instead of K for the 
calculation of the distnbution curve, when if is greater than 1 
Most of the development given above could have been denved from the 
excellent theoretical treatment of Martm and Synge (6) for the migration 
of substances m their chromatogram However, man}'' less factors are m- 
volved m the practical use of our apparatus, and a more direct development 
with fewer assumptions is possible This favorable aspect of the apparatus 
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also allows the data to be apphcd quantitatively to mixtures in which the 
different bands migrate mdependently of each other 
In order to check Equation 3 axpenmentally, or conversely m order to 
check the efficiency and manner of handhng the apparatus, a curve was 
calculated for a pure substance ivith a distribution constant of 0^91 when 
59 plates were apphed to it The curve shown m Eig 2, Curve 2, was so 
obtamed As can bo seen from the curves when their maxima are super- 
imposed, the agreement m shape and thus m distnbution with the expen 
mentally determmed curve is quite stnkmg However, the maximum of 
the expenmentallv determmed curve as actually found is displaced toward 
the left The relative amount of this displacement would appear to offer 
a suggestion as to the over-all amount of divergence from perfect perform- 
ance due to such factors as change of temperature, shght emulsions, me 
chanical imperfections, improper equilibration, etc It scarcely need be 
said that the abiht3’' to calculate a distribution curve iviU prove of lery 
great importance m mterpretation of avpenmental data and m decidmg the 
optimal conditions under which to effect separation of nuxtures 
With the foregomg information at hand, the problem of the separabon 
of a mixture of two substances becomes an mterestmg one If their two 
distribution constants arc knoivn, the axact 13^10 of curve to bo exTiected 
can bo calculated It was found cxpenmentally that substances with the 
ratio of their distribution constants greater than 4 could be separated very 
easily by Procedure 1 or 2, and it seemed ivose to stud3 the case m which 
the constants are very close together For this purpose, the pair of sub- 
stances, a- and ^-naphthoic acids, proved especially suitable In the 
mixed solvents used above m the study of /3-naphthoic acid, a-naphthoic 
acid proved to have a constant of approximately 0 362 The ratio is, 
therefore, 1 08 ' 

Calculation of the two mdependent curves for a 59 plate separation 
(equal amounts of each acid) gave Curves 1 and 2, Fig 4 If it is assumed 
that the two substances migrate mdependently of each other, the values 
obtamed should be directly additive to give the theoretical curve of the 
mixture. Curve 3 Curv’e 1 was obtamed expenmentall3 Here agam 
the shape of the curve obtamed axiienmen tally is very similar to that of 
the theoretical, but its maximum is displaced because of mefficiencies 
The two bands would appear to migrate mdependently of each other, un- 
less a possible association product has a distribution constant very close 
to the acids themselves The degree of separation obtamable m each of 
the fractions can be estimated from the theoretical curves Fractions 2, 

I 4 should " I roughly 63 per cent of the i3 isomer 

x: ol “stances were also studied m which the ratio of their 

> on “ was mtermediate between 4, a mixture very easily 

I ef I impossible to separate p-Toluic and benzoic 
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acids have the constants 1 65 and 0 68, respectively, a ratio of 2 48, at 
room temperature m the two phases, 50 per cent benzene-SO per cent heL\- 



Fig 4 Curve 1 represents the calculated curve for a naphthoic acid, Curve 2, 
calculated curve for naphthoic acid, Curve 3, sum of the calculated curves, Curve 
4, eicpenmentallj determined curve for equal parts of the two acids 



Fig 5 Distribution of a mixture of equal parts of bencoic and p tolmo acids 
Curve 1, nineteen plate separation. Curve 2, twenty-eight plate separation. Curve 3, 
forty-two plate separation 

ane, and 50 per cent methanol-50 per cent water Tig 5 shows the manner 
m which the two bands emerge as increasmg numbers of plates are apphed 
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Since there are only twenty tubes in the apparatus for the material to be 
distributed m, overlappmg is apparent m Fig 5, Curve 3, for the larger 
number of plates, owing to the more rapidly advancing band overtaking the 
more slowly movmg one before separation is accomplished IVhen Pro- 
cedure 2, given above, was followed m order to prevent this happening, 
and fractions were mthdraivn after nmeteen plates had been reached, the 
separation given m Fig 6 was obtamed Here the numbermg of the plates 
IS different than m the convention employed mth Procedure 1, and the 
first fraction wlthdra^vn is considered Tube 1, the second Tube 2, 
etc The operation was mternipted when 53 plates had been apphed 
The solution m the tube of winch lower Tube 19 is a part w as then considered 
Tube 35, the next to it m a counter-clockwise direction was considered 
Tube 36, etc The cun'e is naturally discontmuous because each of the 
latter nmeteen fractions (Nos 36 to 55) has had the same number of plates 
applied, while the earlier fractions are derived only from the upper layer 
and have had an mcreasing number of from nmeteen to 53 plates apphed. 

The quantitative aspects of this type of separation are much more com- 
phcated to dcnve mathematically and are scarcelj warranted here That 
a considerable separation has been achieved is at once apparent from the 
meltmg points given with the curve This type of procedure may prove 
useful for separating mcxturcs of substances whoso distribution constants 
are relatively far apart 

If Procedure 1 is followed and twenty-eight plates are apphed, as given 
m Curve 2, Fig 5, the curve for a theoretical performance can bo calculated, 
as was done for the mixture given m Fig 4 However, there was found not 
to be such close agreement between the calculated curve and the experi- 
mentally determined cutw e of the nuxture In the latter, the toluic acid 
band showed a somewhat lower rate of migration, and there was an obvious 
distortion WTien, however, the two distribution constants were derived 
from the two maxima of the experimentally derived cuiwe, they were found 
to be 1 44 and 0 60, respectively The theoretical curves calculated for 
these constants are given m Fig 7 The sum of the two gave Curv'e 3 
Close agreement was not obtamed with the experimentally determined 
Curve 4, and from this it may be suspected that there is a certain degree of 
association m one of the phases between the two acids, or some such mter- 
fenng phenomenon, and that the two bands do not migrate with enture 
mdependence of each other A further suspicion tliat this might be the 
case was derived from the behavior of the two acids when distributed be- 
tween the two phases, hexane and 50 per cent methanol-50 per cent water 
In the latter case, the undesired effect proved to be much moie pronounced, 
and now the toluic acid band appeared to migrate as scarcely more than half 
its calculated rate, as contrasted with the behavior of the benzoic acid 
band, which occurred approximately m the correct position This is a 
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point which iitU he taken up in a later paper when more e\-penence has 
been obtained Such phenomena were not unexpected 
In the case of the separation represented m Curve 4, it is probable that 
the vanation from the theoretical is not great enough to mterfere senously 
with a practical separation, and that the relative amounts m each fraction 
can be approximately derived from Curves 1 and 2, and will not prove 
greatly divergent from that actually present m most of the fractions This 
IS supported by the meltmg pomts given m Fig 6 
In mixtures of substances m which the ratio of their chstnbution constants 
IS less than 4, Procedure 3 is of greatest mterest As the ratio becomes 
smaller, more and more plates must be applied to cause the bands to sepa- 
rate This, however, also causes the bands to broaden and become more 
diffuse, accordmg to Equation 3 Return of the material of most favor- 
able composition to Tube 0 helps to offset this 



Fig 6 53 plate separation of benzoic and p toluio acids, according to Procedure 2 

The maximum separation obtamable can best be pomted out by the use 
of the foUowmg theoretical problem If a mixture of 1 gm of Substance A, 
with a distribution constant of 1, and 1 gm of Substance B, which has a 
distnbution constant of 0 5 (ratio = 2), is subjected to a mneteen plate 
separation, the degree to which separation has been achieved can be derived 
from the calculated curves of Fig 8 If, at this pomt, the first seven tubes 
are combmed and the solvent is evaporated, a mixture will result vhich 
will contam 80 per cent of Substance B 0 717 gm of Substance B, or 
71 7 per cent, will have been recovered 

If this mixture is then subjected to another nmeteen plate separation, and 
the first seven tubes are taken, the same relatue ennchnient viU result, 
and a mixture can be obtamed which now has 94 per cent of Substance B 
m it However, it will contam only 0 515 gm of Subatance B, or 51 5 per 
cent recoverv 

If the resultmg second mixture is subjected to a nmeteen plate separation 




532 


IDENTIFICATION BY DISTIUBDTION STUDIES U 


and the first seven tubes are evaporated, a preparation will be obtained 
which will be 98 4 per cent pure ivith respect to Substance B, but Mill con- 



Fia 7 Curve 1 represents the calculated curve for p toluic acid (K =• 1 44), Curve 
2, calculated curve for benzoic acid {K ^ 6 0), Curve 3, calculated curve for a mitture 
(sum of Curves 1 + 2), Curve 4, experimentally determined curve of the mixture 



Fig 8 O represents the calculated curve {K = 10), X, calculated curve 
0 5), O , curve of the mixture 

tarn only 0 370 gm The over-all procedure, therefore, gives 37 per cent 
recovery of Substance B at a purity of 98 4 per cent The small divergence 
m the rate of migration of the bands thus far studied m the apparatus. 
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from the theoretical, would mdicate that the actual separation obtainable 
for an ideal mrsture, such as given above, would not be far from that given 

Fmally, smce this apparatus was developed with a definite purpose in 
imnd for biological work, the foregoing treatment would scarcely be justified 
unless the limitations were outlined, as well as some of the possibilities 
inherent m the method 

In the first place, it is obvious that the apparatus m its present stage is 
limited to the separation and study of small amounts of matenal, probably 
not more than 0 5 gpi of matenal or less On the other hand, there are no 
lower limitations on the amount of substance which may be studied and 
separated, if a suflSciently sensitive method of estimation, such as fiuoro- 
metnc, spectroscopic, color test, biological assay, etc , is at hand A total 
amount of matenal which is of the order of 100-foId or more of the limiting 
sensitivity of the test is sufficient With our present methods of estima- 
tion, this amount would be of the order of a few micrograms of substance 
for many important drugs 

Secondly, the method is restncted m its use to substances which show ap- 
preciable solufadity m two or more immiscible solvents 

Thirdly, it is to be expected that the method will become veiy much 
mvolved as the complexity of the mixture increases The specificity of cer- 
tam solvents and combmations of solvents will then become of very great 
importance and may well offer considerable hope of success 

With the opportumty for further study, still other limitations may pre- 
sent themselves This is also true of the inherent possibilities, of which the 
followmg, among others, are apparent thus far 

1 The substances under study are not subject to drastic conditions, such 
as the high temperatures of distillation, exposure to strong chemical 
reagents, etc The method is, therefore, especially suitable for studying 
labile compounds which are easily altered in a chemical way 

2 The simphcity of the apparatus and the close approach to theoretical 
performance permit accurate distribution curves to be estimated and quanti- 
tative relationships to be established at any pomt desired m the work 
The method lends itself particularly to quantitative mterpretation 

3 From the rate of migration of a substance m the apparatus, its dis- 
tribution constant may be calculated It is thus possible to characterize an 
unknown substance, never before isolated, in terms of its distribution con- 
stants m mixtures of different solvents To accomphsh this, a sufficiently 
sensitive method of estimation, such as color test, spectroscopic estimation, 
etc , IS the only requisite The information so obtamed can then lead di- 
rectly to isolation 

i The method offers many possibilities for establishing a practical 
degree of homogeneity with extremely small amounts of material, because 
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of the fact that a single substance, migrating mdependently, always should 
give a distribution curve m agreement wnth a calculated one In this way, 
the method offers possibihties for establishing specificity for many of the 
colomnetnc and spectroscopic estimations so commonly used m biochem 
istry 

These suggestions by no means exhaust all the possibihties It is our 
mtention to exploit to the fullest extent such possibilities and, at the same 
tune, to try to improve on the mechamcal aspects of the apparatus At the 
present tune, plans are bemg made for the construction of a similar appa- 
ratus from glass Improvements can also be made m the method ofequi 
libration and mampulation 


SUMMABY 

A method and apparatus for the precise study of the distnbution char- 
actenstics of small amounts of organic compounds between two hqmd 
phases have been presented The method is well suited for fractionation, 
proof of homogeneity and identification A direct relationship of the proe 
ess to diffusion phenomena has been shown 
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The expenments reported m this communication concern the synthesis 
and the transformations of a peptide derivative containing a diacylated 
ammo acid residue correspondmg to the general structure 

R CO 

\ 

N R» 

/ 

R' CO 

The study of synthetic compounds of this type was undertaken in order 
to learn whether the presence of similar structural groupmgs m proteins 
must be considered 

In the present experiments the unsaturated peptide acetyldehydro- 
phenylalanyW-prohne (I) (1) ls used as the startmg matenal On treat- 
ment with acetic anhydride at room temperature, 1 molecule of water is 
spht oS and the optically active N-acetyldehydrophenylalanyl-l-prolme 
diketopiperazme (II) is formed 
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Whereas diketopiperazmea are, m general, rather stable, Compound II 
IS quite reactive It is racemized in contact with an aqueous solution of 
sodium acetate at room temperature At steam bath temperature it is 
racemized and then hydrolyzed to form the sodium salt of an mactive acid, 
CisHisOiN", meltmg at 223-225“ That this acid is not acetyl-dZ-prolyl 
dehydrophenylalanme, but rather acetyldehydrophenylalanyl-dZ-prolme, 
follows from the fact that on mild hydrolysis with hydrochlonc acid acetyl 
dehydrophenylalanme (acetaminocinnamic acid) (III) is obtamed The lat- 
ter substance is also produced on hydrolysis of acetyldehydrophenylalanyl- 
1-prohne In contrast to the optically active diketopiperazme (II), the 
peptide acetyldehjdrophenylalanyl-f-prohne is not appreciablj racemized 
when heated with sodium acetate solution at 90° for 2 hours 
When diketopiperazme (II) is treated with ammoma, its heterocycle is 
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opened and a dipeptidanude is formed Thus, the I form of Compound II 
yields as the mam product acetyldehydrophenylalanyl-Z-proImamide (TV) ' 
As a by-product, a small amount of di-prolyldehydrophenylalamne (V) is 
obtamed 

When the i-diketopiperazme (II) is added to an ethereal solution of 
glycme ester or to an aqueous solution of the sodium salt of glycme, the 
acetyl group of Compound II is spht off and dehydrophenylalanyl-Z- 
prohne diketopiperazme (VI) results In a similar expenment, the Z-diketo- 
piperazme (II) was added to an aqueous solution of the sodium salt of 
Z-leucme Here, acetyl-Z-leucme and dZ-prolyldehydrophenylalanme (V) 
were isolated 

On catalytic hydrogenation in the presence of palladium black, the 
Z-diketopiperazme (II) takes up 1 ii\ole equivalent of hydrogen N-Acetyl- 
Z-phenylalanyl-Z-prolme diketopiperazme (VII) was isolated as one of the 
reaction products, m a yield of about 60 per cent 

The catalytic hydrogenation of dZ-prolyldehydrophenylalamne (V) m 
aqueous acetone results m the formation of small amounts of an mactive, 
hydrated prolylphenylalanme diketopiperazme, meltmg at 73-75°, besides 
larger amounts of an mactive, anhydrous prolylphenylalanme diketo- 
piperazme, meltmg at 130-132° 

Upon hydrogenation of dehydrophenylalanyl-Z-prolme diketopiperazme 
(VI), the diketopiperazme of Z-phenylalanyl-Z-prolme was isolated When 
this diketopiperazme was hydrolyzed by boihng for 5 hours with 10 eqmva- 
lents of 3 N HCl, pure Z-prolyl-Z-phenylalanme could be isolated m 25 
per cent yield This peptide was identical with a peptide obtamed by 
Osborne and Clapp (2) on protracted boilmg of ghadm with 25 per cent 
sulfunc acid Fischer and Lumak (3) have shown that this substance is 
Z-prolyl-Z-phenylalanme 

The synthesis and the properties of the followmg prohne denvatives are 
reported m this commumcation acetyldehydrophenylalanyl-Z-prohne 
diketopiperazme (and its dl fonn), acetyldehydrophenylalanyl-Z-prolm- 
amide (and its dl form), acetyldehydrophenylalanyl-dZ-prolme, cZZ-prolyl- 
dehydrophenylalanme, dehydrophenylalanyl-Z-prolme diketopiperazme, 
acetyl-d-phenylalanyl-Z-prolmamide, Z-phenylalanyl-Z-proIme difcetopiper- 
azme, acetyl-Z-phenylalanyl-Z-prohne diketopiperazme, Z-prolyl-Z-phenyl- 
alanme, optically mactive prolylphenylalanme diketopiperazme (two 
forms) 


DISCUSSION 

The mactive dipeptide, formed durmg the mteraction of the Z-diketo- 
piperazme (II) and the sodium salt of leucme, has been formulated as 

1 Similarly, the dl form of (II) yields the dl fonn of (IV) 
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(iJ-prolyldehydrophenylalanme (V) The alternate structures, dehydro- 
phenylalanyl-di-prolme (Va) and phenylpymvoyl-df-prohnamide (Vb), are 
excluded Compound Va should dissociate mto ammoma and phenyl- 
pyruvoyl-dl-proline, while our dipeptide is completely stable Compound 
Vb has no carboxyl group, while our dipeptide can be titrated with alkah 
m 90 per cent alcohol ivith thymolphthalem In addition, our dipeptide 
contams no ammo nitrogen 

The peptide anhydride formed by the action of acetic anhydride upon 
Compound I has been mterpreted as an acetylated diketopiperazme of 
structure (II) Formula VIII, representmg an azlactone -with an 8 mem- 
bered ring, was also considered but dismissed, smce it could hardly explam 
the easy formation of prolyldehydrophenylalanme (V) 

From the previous descnption it will be apparent that the mteraction of 
the diketopiperazmes (II) and (VI) wth basic substances is a rather com- 
plex process This is due to the presence m these diketopiperazmes of 
several groupmgs which arc sensitive to basic reagents The acetyl £- 
diketopiperazme (II), for instance, contams three CO — N Imkages and an 
asymmetric carbon atom which is easily racermzed, while the acetyl free 
diketopiperazme (VI) contams two CO — N linkages and an asymmetnc 
carbon atom The CO — N imkages are marked m Formulas II and VI by 
the letters A, B, and C It is a noteworthy fact that the action of the 
various basic reagents upon the base-sensitive groupmgs of Formula II 
(or VI) differs widely not only m regard to the final product of the reaction, 
but also with respect to the imtial point of attack One possible explana- 
tion IS offered by the hypothesis that each of the basic reagents combmes 
with Compound II m a highly specific manner, just as each of several 
heterospecific enzymes may combme ivith the same substrate m a specific 
maimer (4) In both eases, then, the structure of the mtermediate addition 
compound modifies the hydrolytic susceptibihty of the CO — Imkages 
present and thus determmes the course of the reaction 

As an dlustration, the reaction between Compound II and the amme 
groups of ammoma, sodium leuemate, sodium glycmate, and glycme ester 
may be discussed The mteraction of the acetyl-I-diketopiperazme (II) 
with sodium leuemate, which produces dl-prolyldehydrophenylalanme and 
acetylleucme, must consist of three distmct processes The asymmetnc 
carbon atom is racemized and the acetyl group of diketopiperazme (II) 
migrates to the ammo group of sodium leuemate by a process of trans- 
acetylation The order m which these two reactions occur is not known, 
but no matter what it is, the over-all result must bo the dl form of 
acetyl-free diketopiperazme (VI) Subsequently, the rmg of Compound VI 
IS opened hydrolytically at B, yieldmg d£-prolyldehydrophenylalamne 

The mteraction of sodium glycmate and the acetyl £-diketopiperazme 
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(II) results mainly m a deacetylatmn of Compound II, probably by irins- 
acetylation The resultmg diketopiperazme, which can be isolated m 80 
to 90 per cent yield, is only shghtly racemized, its specific rotation being 
2 5 per cent lower than that of the diketopiperazine (VI) resultmg from 
the mteraction of Compound II witli glycme ester m anhydrous ethereal 
solution In the latter case, racemization seems unlikely 

When diketopiperazme (II) reacts m aqueous pyndme with an excess of 
ammonia, the main process is the openmg of linkage A ivith the formation of 
acetyldehydrophenylalanyl-l-prolmamide Racemization occurs to a small 
extent, as is mdicated by the occasional isolation of the cfi-amide The 
tram of reactions, previously discussed for sodium leucmate, also occurs 
to a shght extent with ammoma, as shown by the formation of dZ-prolyl- 
dehydrophenylalamne StiU another transformation of diketopiperazme 
(II), its racemization by aqueous sodium acetate and subsequent hydrolysis, 
has already been mentioned 

From what has been said before, it mil be noted that the rwg system of 
the acetylated diketopiperazme (11) is opened by ammoma at Imkage A 
If, however, the attack on the diketopiperazme rmg is preceded by the 
removal of the acetyl group, as m the action of sodium leucmate on Com- 
pound II to form VI, then the diketopiperazme rmg is opened mainly at B 
It appeara, therefore, that the comparative stability of the two CO — N 
linkages A and B towards bases depends upon the presence or absence of 
the acetyl group m Compounds II and VI respectively This statement, 
denved from the action of ammes upon the diketopiperazmes, holds also 
for the action of sodium hydroxide When Compound II is treated with 
1 eqmvalent of sodium hydroxide, acetyldehydrophenylalanyl-df-prohne 
IS formed, while from the I form of Compound VI dl-prolyldehydrophenyl- 
alanme is obtamed 

In regard to transacetylation, it may be pomted out that the formation 
of acetyl-f-leucme during the mteraction of the acetylated diketopiperazme 
(II) and the sodium salt of leucme is not a new phenomenon, but is analo- 
gous to the acyl migrations reported m previous commumcations (5) 

Easy racemization of ammo acids or their derivatives has hitherto been 
observed under various conditions Cychc ammo acid denvatn es such as 
hydantoins and diketopiperazmes are racemized m slightly alkalme aqueous 
solution (6-9) Active acetylated ammo acids become mactivated by the 
action of acetic anhydride or azlactones m non-aqueous solution (10, II) 
or m alkalme aqueous solution under the influence of benzoyl chloride, 
acetic anhydride, or ketene (12-14) It is generally believed that the 
mechanism of the alkalme racemization of the hydantoins and diketo- 
piperazmes is different from that occumng dunng the action of acetic 
anhydride (15) This is m good agreement with the observation that the 
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active diketopiperazine (II) is formed m the presence of an excess of acetic 
anhydnde ivithout any appreciable raceinization, while the same active 
diketopiperazme is racenuzed by sodium acetate m aqueous solution under 
mild experimental conditions 

It has been reported m the literature that f-prolyl-Z-proline (16) and 
glycyl-Z-prohne and glycyl-Z-hydroxyprolme (17) show a defimte tendency 
towards nng closure, resultmg m the formation of diketopiperazines In 
these examples the carboxyl group of prohne or hydroxyprolme participates 
m the nng closure The same is the case when diketopiperazme (11) is 
formed from the open peptide (I) xmder the influence of acetic anhydnde 
In the formation of a diketopiperazme dunng the catalytic hydrogenation 
of prolyldehydrophenylalanme, which is reported m this commumcation, 
the imino group of proime forms the nng All these examples seem to 
mdicate that the presence of proime or hydroxy prohne m a dipeptide 
favors diketopiperazme formation, possibly for stereochemical reasons 

The authors wash to thank Dr A Elek, who performed the elementary 
analyses reported in the ex-penmental section, for his valuable assistance 

EXPEIUMENTAL 

Acelyldehydrophetvjktlanj/l-l’prohne Diketopiperazme (IF) — 30 gm of 
acetyldehydrophenylalanyl-Z-prolmo were maxed with 4 gm of anhydrous 
sodium acetate and covered with 80 cc of acetic anhydnde On shakmg, 
a colorless solution resulted, from which the acetyldiketopiperazme crys- 
talhzed as colorless needles wthm 2 hours The followmg day the excess 
acetic anhydnde was decomposed at 0° by the addition of a mixture of 
140 cc of 10 per cent HCl and 300 gm of ice The diketopiperazme was 
dned tn vacuo over PjOs and NaOH Yield, 23 gm M p , 168-170° 
After one recrystallization from 200 cc of acetone by the addition of 300 cc 
of water, the yield was 20 gm , or 70 per cent of the theory M p , 172-173° 

C,.H„0,N, Calculated C 07 G, H 5 7, N 9 S 
284 3 round “ 07 0, ‘ 5 7, “ 9 9 

Wn = +-18 8“ (5 per cent, in pyridiuc) After another rtcrjstalhzation, [ 0 ]“ “ 
+49 3 ° 

When the acetyldiketopiperazme was prepared without the use of sodium 
acetate, it took somewhat longer to obtain a clear solution and no crystal- 
lization occurred After 24 hours, the diketopiperazme was isolated by the 
addition of ice and dduted HCl as previousl} desenbed The yield was 
68 per cent of the theory M p , 172-173° 

round, C 67 0, H 5 0. N 9 S 
[«Id = + 48 5° (5%, m pjndinc) 
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Acelyldehydrophenylalanyl-dl-prohner—lQ gm of acetyldehydrophenyl- 
alanyl-f-proline diketopiperazme were heated on the steam bath with a 
solution of 5 gm of sodium acetate m 50 cc of water After about 2 
hours, a clear solution resulted which after another hour’s heatmg and on 
acidification with HCl, deposited 9 5 gm of crude acetyldehydrophenyl- 
alanyl-df-proline, meltmg at 212-214° After two recrystallizations from 
methanol by the addition of water, 5 5 gm , meltmg at 223-225° (with 
decomposition), were obtamed The crude material contamed a small 
amount of an optically active substance which was removed durmg recrys- 
tallization 

C„HuO»Ni Calculated C 63 6, H 6 0, N 9 3 
302 3 Found “ 63 5, ‘ 5 9, “ 9 4 

On hydrolysis with all mixture of acetic acid and 3 n HCl, the substance 
yielded acetammocinnamic acid and di-prohne 
28 4 gm of acetyldehydrophenylaJanyl-f-prolme diketopiperazme were 
suspended m 100 cc of acetone, the mixture cooled, and 100 cc of n NaOH 
added slowly with vigorous stirrmg The initial bnght red color soon dis- 
appeared. After 10 mmutes the yellow solution was filtered, 100 cc of 
water were added, and the solution was acidified to Congo red by the 
addition of 105 cc of n HCl Crystalhzation began almost immediately 
The yield of crude matenal was about 15 gm , meltmg at 200-206° (with 
decomposition) After several recrystallizations from methanol, 2 3 gm 
of acetyldehydrophenylalanyl-di-prolme were obtamed, m p 224-225° 
(with decomposition) A mixture of this substance with that obtamed by 
the sodium acetate procedure showed no depression of the meltmg pomt 

Found, C 63 3, H 5 9, N 9 2 

In a 1 dm tube, a 5 per cent solution of the matenal m pyridme exhibited 
no optical activity 

Acelyldehydrophenylalanyl-dl-prohne Ihketoptperaztne — 1 gm of acetyl- 
dehydrophenylalanyl-di-prolme was treated at 37° ivith 2 5- cc of acetic 
anhydnde m the presence of 0 12 gm of anhydrous sodium aostate After 
24 hours, decomposition with ice and dilute HCl yielded 0 7 gm of crude 
dZ-diketopiperazme One recrystallization from acetone iwth the addition 
of water yielded 0 45 gm , meltmg at 149-151° 

C. Calculated C 67 6, H 5 7, N 9 8 

284 3 Found " 67 3. 5 5, “ 9 7 

The pyridme solution was optically mactive The same substance may 
be obtamed by the action of sodium acetate on the acetyl-1-diketopiperazme 
at room temperature accordmg to the folloivmg procedure 
5 gm of acetyldehydrophenylalanyl-Z-prolme diketopiperazme and 5 gm 
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of hydrated sodium acetate were dissolved m a mixture of 100 cc of acetone 
and 150 cc of water After 24 hours, the solution was concentrated tn 
vacuo and the resultmg precipitate recrystallized from absolute ethanol, 
and subsequently from acetone with the addition of water 2 0 gm were 
obtamed, meltmg at 148-151° This substance was identical with that 
descnbed earlier in this section 

Found, C 67 4, H 5 8, N 0 9 

In a 2 dm tube, a 5 per cent solution of this substance m pyridme shoived 
no optical activity 

Acelyldehydrophenylalanyl-l-pTohnamide — To a thoroughly chilled and 
agitated mixture of 150 cc of concentrated ammoma and 60 cc of pyndine 
were slowly added 30 gm of acetyldehydrophenylalanyl-1-prohne diketo- 
piperazme Solution of the diketopiperazme was followed by crystalliza- 
tion of the rectangular prisms of the amide The nuxturo was kept in the 
cold room overmght and then filtered - The yield of crude acetyldehydro- 
phenylalanyl-Z-prolmamide, meltmg at 231-235°, was 25 gm After recrys- 
tallization from methanol, m which the amide is quite soluble, 6 gm, 
melting at 239-241°, were obtained 

Ci.Hi.OaN, Calculated C 03 5, H 6 4, N UVo 
3013 Found “ 03 5, " 0 4, “ 13 85 

lolo'* —105 7° (2 per cent in pyridine, 2 dm tube) Mtcr another recrystalh 
zation [a]o = — lOi 0° 

In the preparation of this Z-anude, there were isolated m one instance 
7 6 gm of an isomenc acetyldehydrophenylalanylprolmamide For recrys- 
tallization it was dissolved m a boihng muxture of 135 cc of acetic acid 
and 5 cc of water and precipitated by the subsequent addition of 300 cc 
of water Yield, 6 gm , meltmg at 262-204° (with decomposition) The 
presence of optical activity could not be determined, smee no proper solvent 
for the anude has been found This substance may tentatively be regarded 
as acetyldehydrophenylalanyl-dZ-prolmamide 

Found, C 03 5, H 0 2, N 14 0 

An acetyldehydrophenylalanyl-dZ-prolmamide which melted at 265° and 
was apparently identical with the foregomg amide, was obtamed when 
acetyldehydrophcnylalanyl-dZ-prolme diketopiperazme was treated with 
ammonia and pyridine 

Found, C 63 6. H 6 4, N 13 9 

Readton of l-Diketopiperacine {II) wiOi Sodium Leucinate — ^To a solution 
of 13 1 gm of Z-leucme m a mixture of 100 cc of acetone and 100 cc o N 

• Tho filtrate, on acidification with HCl, yielded 1 2 gm of crudedf prolyldehydrj^ 
plwnylalanine, which after recryatnllization melted at 169-171° and waa optica 
inactive Found, C 04 5, H 0 S, N 10 8 
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NaOH were added, -with vigorous stirring, 28 4 gm of acetyldehydrophenyl- 
alanyl-Z-prolme dilcetopiperazine The entire amount was added as one 
portion A clear solution resulted ivith the spontaneous generation of some 
heat and within a few mmutes colorless crystals of dZ-prolyldehydrophenyl- 
alamne appeared After 3 hours, the crystals were removed Yield, 19 gm 
On reciystalhzation from 250 cc of 90 per cent methanol, 15 gm of colorless 
needles were obtamed For analysis, the peptide was once more recrys- 
talhzed M p , 171-172'’ The peptide contained no ammo mtrogen 

CuHi.OjNi Calculated C 64 6, H 6 2, N 10 8 

260 3 Found " 64 6, “ 6 1, “ 10 8 

A 5 per cent solution m pyridme showed no appreciable optical activity 
With N NaOH, dZ'prolyldehydrophenylalanme forms a difficultly soluble 
sodium salt from which the free peptide may be regenerated by acidifica- 
tion with HCl 

From the mother liquor of the prolyldehydrophenylalanme there was 
isolated about 0 4 gm of unchanged leucme and 5 8 gm of acetyl-Z-leucine, 
meltmg at 189-190'’ 

C.HuO.N Calculated C 55 5, H 8 7, N 8 I 

173 2 Found “ 55 4, '‘8 7, "81 

Wd = -40 T (5%, in pyridine), W” » -23 1° (3 3%, in ethanol) 

Martm and Synge (18) have reported meltmg points of 182“ and of 180- 
181“ They found for a 3 3 per cent solution m ethanol [aJo* = —23 5“ 
Reaction of l-Dikelopiperaztne {IF} vnth Glycine Ester — 14 gm of acetyl- 
l-diketopiperazme (II) were added at 0“ to a solution of 12 5 gm of glycme 
ethyl ester m 100 cc of ether When the mixture was stirred at room tem- 
perature, it generated heat and simultaneously the crystals of the startmg 
matenal disappeared and the prismatic forms of dehydrophenylalanyl-Z- 
prohne diketopiperazme appeared Yield, after 1 hour, 10 1 gm The 
substance was recrystalhzed from absolute ethanol M p , 177-180“ 

CuHuOaN, Calculated C 69 4, H 5 8, N II 6 
242 3 Found “ 69 5, " 5 7, “ 11 4 

(alS"* = +284 7° (5 per cent, in pyridine) After another recrystallization, 
(oId = +284 3° was found 

It IS not known whether this value represents the raaMmum rotation of the 
optically pure dehydrophenylalanyl-Z-prolme diketopiperazme 
Reaction of l-Diketopiperazine (//) with Sodium Glycinale — To a solution 
of 7 5 gm of glycme m 75 cc of acetone and 100 cc of n NaOH, were 
added 28 4 gm of acetyldehydrophenylalanyl-Z-prohne diketopiperazme 
There was some spontaneous generation of heat, solution occurred, and, 
after a few mmutes, crystalhzation began The yield of crude matenal, 
meltmg at 176-177“, ranged from IS 7 to 22 5 gm After recrystallization 
from acetone and water and, subsequently, from absolute ethanol, about 
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15 gm of dehydrophenylalanyl-Z-proiine diketopiperazme were obtained 
M p , 176-178° The melting point of a mLxture of this product mth that 
of the diketopiperazme descnbed m the preceding section was 176-179° 

Found, C 09 0, 11 6 9, N 11 7 

[a]” =• +277 1° (5 per cent, in pyndino) After rccrjstalhzation, [alo'^ 
+277 2° 

Apparently the substance was racemized to a slight extent 
Hydrogenation of Dehydrophenylalanyl-l-proline Diketopiperazme — A sus- 
pension of 12 1 gm of dehydrophenylalanyl-l-prohne diketopiperazme m 
200 cc of ethanol was hydrogenated m the presence of palladium black, 
and the resultmg clear solution evaporated in vacw The 9 5 gm of cmde 
material, meltmg at 131°, were twice rccrystallized from absolute ethanol, 
yieldmg 5 3 gm of f-phenylalanyl-f-prolme diketopiperazme M p , 
135-136° 

CiJIi.O.N, Calculated C 08 8, II 0 0, N 11 5 
244 3 Found *• 08 9, “ 0 0, “ 11 4 

[alo “ 107 0° and, after rccryatallizntion of the sample, [a]* “ —100 1“ 

3 7 gm of the saturated diketopiperazme were hydrolyzed by refluxmg 
for 5 hours with 10 per cent HCl Ammomum acetate was added to the 
cooled solution until 1 7 gm of a precipitate appeared This was reciys- 
talhzed from 340 cc of boihng water and yielded 1 1 gm of i-proIyW- 
phenylalanme as fine plates, meltmg at 250-251° The presence of 1 
water of crystalhzation per molecule of material was demonstrated by do- 
mg in vacuo at 100° 

C„H„0,N, 11,0 Calculated C GO 0, H 7 2 N 10 0, H,0 0 4 

280 3 Found “ 59 6, “ 7 2, ‘‘ 10 0, “ 6 2 

[“Id “ —21 2° (5 per cent, in glacial acetic acid) and, after rccrjstallizationof the 
sample, [a]" =■ —20 6° 

[alS = -40 8* (5%, m 20% HCl) 

Osborne and Clapp reported for their peptide, obtamed from gbadm, 
[«]^ = —40 9° and —4155°, while Fischer and Lumak found Wo - 
—40 9° for their synthetic f-prolyl-f-phenylalamne 
Dehydrophenylalamne-l-prohne Diketopiperazme and NaOH — 6 05 gm of 
dehydrophenylalanme-l-prohne diketopiperazme were dissolved m 25 cc 
of acetone and 25 cc of n NaOH were added Withm a short time a 
sodium salt crystalhzed which was decomposed by the addition of 75 cc o 
water and 26 cc of N HCl The ciystalhne precipitate now formed weighra 
6 gm It was reorystallized several times from acetone-water (5 1) bj the 
addition of more water, yieldmg 5 0 gm of di-prolyldehydrophenylalanme, 

meltmg at 168-171° 

CnHuOiN, Calculated C 64 6 , H 0 2, N 10 8 
260 3 Found •• 64 7, “ 0 3, “ 11 0 
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Iq a 1 dm tube, a 5 per cent solution of the substance m pyndine exhibited 
no appreciable optical activity 

Aeetyl-d-jihenylalanyl-l-'prolinamide — When a suspension of 10 gm of 
acetyldehydrophenylalanyl-Z-prolmaimde m 80 cc of absolute methanol 
was hydrogenated m the presence of palladium black, a clear solution re- 
sulted and sbghtly more than 1 mole eqmvalent of hydrogen gas was taken 
up The clear filtrate was concentrated m vacuo Approximately 7 gm 
of acetyl-d-phenylalanyl-Z-prolmamide were obtamed, meltmg at 116-122° 
After recrvstalhzation from methanol, the meltmg pomt was 120° 

C,.H .OjN, iH,0 Calculated C 61 S, H 7 1, N 13 4, HiO 3 5 
312 4 Found “ 61 5, “ 7 1, “ 13 6, “39 

[“Id = —118 8° (o per cent, m glacial acetic acid) After recrystallization, [alS"* 
= -118 1“ 

Hydrolysis of 3 4 gm of the acetyl-d-phenyJalanyl-Z-prohnamide with 
concentrated HCl for 9 hours resulted m the direct crystalhzation from the 
cooled, acid solution of 1 9 gm of d-phenylalanme hydrochlonde From 
this, 0 9 gm of d-phenylalanme was obtamed 

Calculated, N 8 5, found, N 8 7 
[a]* =■ +34 2° (2%, in iiater) 

Fischer and Schoeller reported for d-phenylalanme [<i]o° = +35 1° (19) 

Hydrogenation of dl-Prolyldehydrophenylalamne — ^A suspension of 13 gm 
of dl-prolyldehydrophenylalamne m 150 cc of a 6 1 acetone-water mixture 
was hydrogenated over palladium black catalyst m the usual manner, and 
1 mole eqmvalent of hydrogen was taken up The product was isolated 
by evaporation m vacuo, and the subsequent addition of 50 cc of water 
Two recrystalhzations from absolute alcohol yielded 8 gm of an optically 
mactive prolylphenylalamne diketopiperazme, meltmg at 130-132° 

Calculated C 68 8, H 6 6, N II 5 
244 3 Found “ 69 0, " 6 6, " II 3 

As a by-product of this hydrogenation, there was also isolated about 1 gm 
of a hydrated diketopiperazme, which, on recrystalhzation from vater, 
appeared as well formed pnsms, meltmg at 73-75° 

CuHx.OiN, HiO Calculated C 64 0, H 6 9, N 10 5, H,0 6 9 
262 3 Found " 64 1, “ 6 9. “ 10 7, “68 

Acetyl-l-phenylalanyl-l-prohne Diketopiperazme — ^A suspension of 28 4 gm 
of acetyldehydrophenylalanyl-Z-prolme diketopiperazme m 350 cc of ace- 
tone was hydrogenated over palladium black catalyst m the usual manner, 
and a shght excess over 1 mole eqmvalent of hydrogen was taken up 
About 20 gm of crude product were isolated by evaporation in vacuo, and, 
after several recrystalhzations from methanol by the addition of water. 
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about 15 gm of acetyl-Z-phenylalanyl-f-probne diketopiperazme were 
obtained, melting at 123-125° 

CiiHiiOjNj Calculated C 67 1, H 0 3, X 9 S 
280 3 Found “67 1, “66, “98 

[oId = +202 6° (5 per cent, m p>ndine) Utcr another recrjatallization [alo =■ 
+201 3° 

Of this matenal, 5 gm were refluxed with 35 cc of concentrated HCl, 
for 6 hours Long needles of Z-phenylalanme hydrochloride were obtamed 
when the solution was cooled The free Z-phenylalanme was obtained 
by treatment mth ammomum acetate 

Wo '=• —33 9“ (in water) 
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The- use of isinglass in the treatment of certam conditions for which a 
blood substitute is required has been mvestigated by Taylor and his asso- 
ciates (1, 2) The encQuragmg results obtamed by these workers have 
occasioned much mterest m the composition of this fish protem It is well 
known that, m a number of circumstances m which blood substitutes may 
be used, a marked negative mtrogen balance ensues This raises the ques- 
tion as to whether or not ismglass constitutes a good source of readily avail- 
able essential ammo acids for the synthesis of body protem, smce m the 
absence of these metabohtes it is impossible to mamtain mtrogen balance 
A Search of the hterature failed to reveal any pertment information The 
problem may be attacked by two methods (1) by analysis of the protem, 

(2) by studies of growth and mtrogen balance on animals Investigations 
by the latter method are bemg earned out by the workers mentioned above 

(3) The analytical work was undertaken by the waters at the suggestion 
of Professor C H Best This report desenbes the estimation of the van- 
ous ammo acids liberated by the acid hydrolysis of ismglass 

The matenal used was part of Batch 20 prepared m Professor Taylor’s 
laboratory from the dned swim-bladder of the hake (probably Vrophycis 
tenuis or Urophycis chuss) Dned swim-bladders obtamed commercially 
Mere soaked m ice water 24 to 48 hours, and then m ice-cold saturated 
calcium hydroxide 6 to 12 days, the solution bemg changed each day 
They were then further treated with cold 0 5 per cent hydrochlonc acidfor 
3 to 4 hours and rmsed with cold 1 per cent sodium chloride solution The 
acid treatment causes the ismglass to exude as a clear gel and the sodium 
chlonde removes acid and prevents the jelly from takmg up much water 
The jelly was dramed off, heated to 55°, and the residue which settled out 
was discarded The solution was made to pH 4 0, heated to 90° for 4 
minutes, cooled to 70°, and filtered with the aid of Super-Cel Sodium 
bicarbonate was added to pH 6 3 and the ismglass precipitated by nmnmg 
the solution mto acetone The ismglass was redissolved, autoclaved, and 
reprecipitated m acetone ‘ 

-All figures are expressed as a percentage of the ash- and moisture-free 

1 The procedure now being used for the preparation of the isinglasa haa been 
simplified considerably from the description given here 
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protein All evaporations were earned out in lacuo at 35-50° The melt- 
ing point values quoted are corrected 

EXPERIMENTAL 

The moisture of the isinglass was estimated by diymg it to constant 
weight in vacuo over phosphorus pentovide, sulfur was determmed as sulfate 
after fusion with sodium peroxide and sodium carbonate Nitrogen was 
determmed by the micro-K]eldahl method An appropnate weight of the 
protem was digested for 3 hours with concentrated sulfuric acid The 
solution was then made up to volume and aliquots were digested and nitro- 
gen determmed m the usual way The proximate analysis, based on ash- 
and moisture-free matenal, was 0 632 per cent sulfur and 18 21 per cent 
nitrogen, the moisture content was 4 52 and the ash 3 85 per cent 

Rate of Liberation of Amino Nitrogen — ^The advisabilitj of determining 
the shortest time necessary for maximal hydrolysis of the protem is dictated 
by the established fact that certam ammo acids are destroj ed or modified 
by prolonged boihng with strong mmeral acids The rate of liberation of 
ammo groups was therefore determmed by Van Slyke's gasometnc method 
on a sample of isinglass which was refluxed with 8 n hydrochloric acid 
The ammo nitrogen, measured as per cent of the total nitrogen, was as 
follows m 1 houi, 61 0, 2 hours, 69 2, 1 hours, 71 0, 6 hours, 70 7, 8 hours, 
71 2, 10 hours, 71 7, 12 hours, 71 4, 21 hours, 72 3 

Apparently ismglass is very quickly hydrolyzed under these conditions, 
since after 1 hours the liberation of ammo nitrogen has reached a defimte 
plateau 

Hydrolysis — 68 65 gm of ismglass (ash- and moisture free) were hydro- 
lyzed by refluxing with 460 ml of 8 x hydrochloric acid for 8 hours The 
hydrolysate, which was quite clear and very light brown m color, was freed 
from excess hydrochlonc acid by evaporation to a syrup sereral times 
After the final evaporation, the syrup was diluted to about 200 ml The 
melanin was filtered off, but the amount obtamed was negligible The 
solution was then decolonzed by boihng it for 5 inmutes with 2 gm of 
charcoal and was made up to 500 ml .Uiquots were used for the estima- 
tion of the ammo acids 

Analysis Tyrosine — A negative Millon’s test (4) on both the ongmal 
matenal and the products of hydrolysis mdicated the absence of this ammo 
acid 

Tryptophane — Tests for tryptophane by the glyoxyhc acid method (5) 
on the unhydrolyzed ismglass w'ere negative Similar negative results 
were obtamed on samples hydrolyzed wuth sodium hydroxide 

Phenylalanine — ^Apphcation of Block and Bollmg's modification (6) of 
the Kapeller-Adler colonmetnc method (7) gave a figure of 1 83 per cent 
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Argintne— 75 ml of the isinglass hydrolysate (equivalent to 10 3 gm of 
protem) were subjected to the diflavianate procedure descnbed by Vickeiy 
(8) 2 69 gm of recrystalhzed arginine flavianate were obtamed The 

product gave a satisfactory decomposition point of 259-261° (accepted 
value, 268-260°) , yield, 9 33 per cent Although further crops of flavianate 
were isolated from the filtrate, none of them proved to be the argirune 
denvative 

Prohne — The mother liquor from the determmation of arginme was 
evaporated in vacuo to about 100 ml Prolme was precipitated accordmg 
to the method of Bergmann (9) with ammomum rhodanilate, yield, 9 5 gm 
The yield after apphcation of Bergmann’s correction for solubdity was 17 8 
per cent A sample of the product was reciystallized (recovery, 85 per 
cent) and analyzed 

(C,janN.S*Cr) (C^H,oO,N) H»0 Calculated C 41 7, H 4 3, N 16 2 

Found “ 418, “ 4 5, “ 16 4 

Hydroxyprohne — The filtrate from the precipitation of prohne rhodanilate 
was evaporated to about 80 to 90 ml and treated with ammomum remec- 
kate (10, 9) Three crops of remeckate were collected, combmed, and 
decomposed (9) After evaporation of the hydroxyprolme solution to dry- 
ness in Docuo, the residue did not redissolve completely in the expected 
manner A yellow substance consistmg mostly of needles was insoluble m 
the 75 ml of water used, weight, 0 62 gm A similar residue weighmg 
0 1 gm was obtamed by agam evaporatmg the supernatant solution to 
dryness and takmg up the residue m water These crops were not identi- 
fied The final hydroxyprohne fraction weighed 0 399 gm and contamed 
11 4 per cent nitrogen (calculated, 10 69) The most likely contammant 
would be ammomum salts Nessler’s test for ammoma was positive and 
quantitative determmation by distillation from calcium oxide revealed 
the presence of 1 86 per cent mtrogen m the form of ammomum salts 
Assummg that the contammant was ammomum acetate, the residue would 
then have a mtrogen content of 10 63 per cent = Apphcation of Bergmann 's 
correction based on a recoveiy experiment gives 4 68 per cent hydroxypro- 
hne m ismglass It is beheved that this figure is a mmunal one and may 
possibly be considerablj’- lower than the true value 
Glycine — An attempt was made to estimate this ammo acid by formation 
and isolation of the ethyl ester hydrochlonde A 5 00 ml aliquot of the 
hydrolyzed protem (0 687 gm ) was taken to absolute dryness and then 
treated m the usual way to form the ethyl ester hydrochlonde Three 
crops were obtamed 48 4 mg , m p 144-145°, 61 5 mg , m p 144-145°, and 

• Through an unfortunate accident, this fraction was lost before it could be more 
de6nitely characterized 
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12 0 mg , m p 141-143“ , accepted m p 144“ This amount of hydrochlonde 
corresponds to a glycine content of 9 55 per cent In view of the well 
known fact that the quantitative separation of glycme as its ethyl ester 
hydrochlonde is often difficult (11), this figure must be considered as a 
mmunal one and may be markedly lower than the actual proportion of 
glycme m ismglass 

Htslidinc — An ahquot of the hydrolyzed ismglass solution eqmvalent to 
40 gm of ash- and moisture-free protein was treated with phosphotungstic 
acid (12) The filtrate was set aside for the determmation of the dicar- 
bovylic acids 

After decomposition of the phosphotungstate by evtraction of the acid 
rmxture with a solution of amyl alcohol, ether, and absolute alcohol, the 
fraction containing the bases was evaporated tn vacuo to about 400 ml and 
a silver salt precipitation was performed (13) Although silver sulfate i\as 
crystallizmg out of the ammo acid solution, a positive test for excess silver 
■>' could not be obtained ’ The filtrate w as set aside for the determmation 
f lysine 

The silver precipitate was freed from inorganic ions in the usual way and 
the resulting solution was made up to 250 ml Histichne was then deter- 
mmed colorimetrically by the Kapeller-Adler method (14) as modified by 
Conrad and Berg (15) and by Woolley and Peterson (16) average 
value of 1 04 per cent was obtamed When this figure is corrected for the 
' ability of histidme phosphotungstate, as recommended by Van Slyke 
et al (12), the level is raised to 1 09 per cent A negative test for histidine 
was obtained on the lysine fraction, thus mdicatmg the completeness of 
the precipitation of histidme by the silver salt treatment 

Hydroxulysine — The filtrate from the silver salt precipitation was acidi- 
fied with sulfuric acid and the barium sulfate filtered off and washed thor- 
oughly Sdver was precipitated with hydrogen sulfide and the filtrate 
made up to 100 ml Aliquots of 10 0 ml were treated with 0 5 Ji periodic 
acid and the resultmg formaldehyde precipitated as the dimedon denvative 
(17, 18) An average yield of 25 8 mg of dimedon derivative was obtamed 
(m p 189°, accepted m p 189“), correspondmg to 0 36 per cent hidroxy- 
lysme m ismglass Schryver, Buston, and iMukheijee (19) reported the 
isolation of an “oxylysme” from the ismglass obtamed from the swim blad- 
der of the sturgeon They reported figures of 2 98 to 3 3 per cent “ox-y- 
lysme” m ismglass This value was not denv'ed by isolation of crystallme 

• In an attempt to produce ovidenca of an excess of silver lon, 1 5 volumes of hot 
saturated silver sulfate solution were added to the ammo acid solution A positive 
test for silver ions was then obtained However, on evaporation of the mixture to 
the desired volume (about 400 ml ) the presence of excess silver ion could no longer 
be demonstrated despite the fact that silver sulfate was crystallizing from the solu- 
tion 
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denvatives but by one of the following procedures, both of which are based 
on the insolubility of the banum carbamate of the hydroxyanuno acid in 
cold water 

1 After separation of the banum salts of the dicarboxyhc acids, the re- 
mainmg ammo acids are precipitated as banum carbamates These are 
extracted with ice-cold water, thus leavmg behmd the msoluble “oxylysme” 
and glycme compounds Decomposition of the residue unth hot water and 
treatment with phosphotungstic acid precipitate the “oxylysme,” which 
IS estimated by the total mtrogen m the fraction 

2 The bases are precipitated as the phosphotimgstates and then after 
decomposition are precipitated as barium carbamates These are extracted 
with ice water, leavmg behmd the msoluble “oxylysme” compound Ni- 
trogen IS determmed m this residue and taken as a measure of the “oxy- 
lysme ” 

These methods will tend to overestimate rather than underestimate the 
“oxylysme” in protems The large discrepancy between the figure here 
reported and those given by Schryver et al may possibly be accounted for 
by the different sources and methods of preparation of the ismglass 
Further, the compound isolated by the English workers may not have the 
same structure as the one which is determmed by the periodate oxidation 
method 

Lysine — ^As was pomted out previously, the lysme fraction gave a nega- 
tive test for histidme, however, a strongly positive test for argmme was 
obtamed A quantitative colorimetric determmation of argmme by 
Weber’s modification (20) of the Sakaguchi reaction mdicated the presence 
of 282 mg , thus revealmg the mcomplete precipitation of this ammo acid 
as silver salt under the conditions used An aliquot of the lysme fraction 
(68 ml contaimng an estimated 192 mg of argmme) was treated with 
flaviamc acid m the usual way and an amount of flavianate equivalent to 
186 mg of the base was isolated The filtrate, after bemg freed from 
flaviamc acid and sulfate, still gave a positive test for argmme Smce the 
presence of some hydroxylysme had been previously demonstrated, it was 
thought advisable to attempt to obtam a sample of this picrate from the 
lysme fraction m the manner described by Van Slyke et al (21) Accord- 
mgly, the greater part of the lysme was removed by addmg enough picric 
acid to the filtrate to combme wnth three-quarters of the ammo nitrogen 
present The yield of crude lysme picrate w as 3 09 gm , the explosion 
pomt, 257° The derivative was recrystalhzed from water The weight 
of lysme picrate was 2 55 gm (corrected for solubility of picrate m water 
2 80 gm , explosion pomt, 262°), yield, 4 21 per cent, corrected for solu- 
bility of the phosphotungstate (12), 4 35 per cent 

Addition of more picnc acid to separate any hydroxjdysme led to the 
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isolation of two more crops of impure picrate, weighmg 0 49 and 0 16 gm 
respectively These were recrystalhzed separatel} from rsater but no 
homogeneous product could be obtamed from the latter crop From the 
former 0 19 gm of unidentified picrate was obtained Decomposition 
pomt, 182-183° The hj drovj h aine picrate described bj Van Slyke et al 
(21) was not isolated 

The mother liquor from the ijsine picrate was discarded 

Dicarboxybc Acids — ^Tlie filtrate from the precipitation of the bases was 
freed from phosphotungstic acid The solution was made alkahne to 
thymolphthalein and the ammonia was removed b> eraporation tn lacuo 
The dicarboxybc acido were then twice precipitated as the banum salts 
accorchng to Dakin’s modification (11) of Foreman’s method (22) Glu- 
tarmc acid w as isolated as the lu drochloride, and aspartic acid as the copper 
salt The weight of the first crop of glutamic acid hj drochlonde was 4 08 
gm (N, 7 88, calculated, 7 03 per cent) , \ leld, 8 19 per cent The filtrate 
was evaporated and allowed to stand m the refngerator at 0° for about 4 
weeks but no more of the compound precipitated The solution was freed 
from excess hjdrochlonc acid b\ distillation tii lacuo and then treated at 
the boilmg point with an excess of copper carbonate The excess reagent 
was filtered off while tiie mtxture w is still hot and was repeatedlj extracted 
with boiling water Despite this very thorough washmg (the washes 
appeared colorless) the 15 i gm of copper carbonate still contained 30 8 
mg of mtrogen This has not vtt been identified The washes and fil- 
trate were combmed and evaporated to about 150 ml and placed at 0° 
overnight Clusters of fine blue needles typical of copper aspartate sepa- 
rated, weight, 3 45 gm (air-dned) 

C,Ht 04 NCu 4H,0 Calculated, X 5 25, H,0 27 0, found, X 5 37, HjO 27 U 
(Dried at 130“ for 3 hours tn lacuo over phosphorus pentoxide) 

In an attempt to obtam a second crop of glutamic acid hj drochlonde, 
the filtrate was freed from copper with hydrogen sulfide and then evapo- 
rated in vacuo to drymess The residue was cov ered with about 5 to 10 ml 
of concentrated hydrochloric acid and the muxture was warmed until the 
sohd matter dissolved The fraction was left at 0° for 2 days The weight 
of the hydrochloride was 1 29 gm (percent N, 11 6) The bydrochlonde 
quite obviously was not that of glutanuc acid Negativ e tests for ammonia, 
histidme, and argimne were obtamed Glycme was the most probable 
contammant of this fraction (per cent N calculated for bydrochlonde, 
12 55) The isolation of 0 85 gm of glycme ethyl ester bydrochlonde from 
the above preparation proved that glycme had been carried down m the 
dicarboxybc acid fraction (per cent N, 10 01 , calculated for gly cine ethyl 
ester bydrochlonde, 10 03, m p 144-145°, accepted m p 144°) Assum- 
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mg that glycme is the only coataDamant, then the crop of hydrochlonde 
isolated would contam 0 26 of the glutamic acid derivative correspondmg 
to 0 52 per cent of the ismglass The actual separation has not been com- 
pleted After hydrolysis of the ester linkages, an attempt was made to 
isolate glutamic acid from the filtrate from the glycme ethyl ester hydro- 
chlonde A crop of impure hydrochlonde was obtamed, weight, 0 15 gm 
(corrected for aliquots) , per cent N, 9 36 No further work was done on 
this fraction 

The filtrate from the second crop of hydrochlonde was evaporated in 
vacuo six times to free it from excess hydrochlonc acid and copper salts 
were then formed m the usual way The excess copper carbonate which 
was filtered off agam contamed mtrogen (8 mg ) w hich could not be eluted 
with boilmg water The weight of the copper aspartate was 0 21 gm , per 
cent nitrogen, 6 45 , water, 12 1 This analysis corresponds to a partly dehy- 
drated denvative of the formula C4H60«NCu 2HiO When the mtrogen 
figure IS calculated on the water-free substance the value agrees with that 
calculated for anhydrous copper aspartate Found, 7 35 per cent, calcu- 
lated, 7 19 Total yield of aspartic acid, 4 72 per cent 
The filtrate from the copper aspartate was freed from copper and another 
crop of hydrochlonde was obtamed m the usual way, weight, 0 37 gm , 
per cent N, 12 51 , calculated foi glycme hydrochlonde, 12 55 No further 
woik was earned out on this fraction The fact that glycme was found m 
this fraction confirms the expenence of other mvestigators (11, 23) 

Senne — ^Apphcation of the penodate method (24) led to a figure of 4 37 
per cent senne m the ismglass The dimedon denvative had the correct 
meltmg pomt of 189® Deduction of the amount of formaldehyde denved 
from hydroxylysme makes the corrected value 4 13 per cent 
Threonine — The method of Shinn and Nicolet (25) was used tor the 
determmation of threonme A value of 3 22 per cent was obtamed Re- 
covery experiments performed on senne and threonme by the penodate 
procedure gave results s imil ar to those published bj the authors quoted 
Alanine — An attempt was made to detennme alanme by deammation, 
oxidation of the resultmg lactic acid with cenc sulfate, and estimation of 
the acetaldehyde produced by absorption m sodium bisulfite and lodometnc 
titration The procedure mvolvmg deammation of alanme and determma- 
tion of the resultmg lactic acid was mtroduced by Kendall and Fnedemann 
(26) Although recovenes of lactic acid were satisfactory (97 to 100 per 
cent), recovenes for alanme averaged only about 75 per cent Smee the 
a,)3-dihydroxybut3Wic acid derived from the deammation of threonme also 
juelds acetaldehyde on oxidation with ceric sulfate, recovery experiments 
were also run on this ammo acid but as with alanme the results were low 
(70 per cent) The lev^el of alanme m ismglass based on the total amount 
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of acetaldehyde evolved as described abov e less the amount denved from 
the threorune led to a value of 10 3 per cent Hoivever, a more nearly 
correct figure is probably obtamed by applying corrections for the recovery 
of alanine and threonme The value so denved is 14 7 per cent 
Methionine and Cijstine — ^.Vn analysis of sulfur distribution was earned 
out by the Kassell and Brand modification (27) of Baemstein’s method (28) 
ivith the folloivmg results methionmc 2 78 per cent (bj volatile iodide), 


Table I 

Ammo Acids of Istnslass 


Ammo acid 

i 

1 

Celalin 

Bn)liosiap}uc 
reference No 


ftr ant of 
ProUtn 

ptr ant of 

P<f cent 


Glycine 

9 55 (+) 

■El 

27 0 

31 

Alamno 

14 7 


8 7 

11 

Serine 

4 13 

3 03 

2 7 

24 

Threonine 

3 22 

2 OS 

1 4 


Valine 

2 29 

1 50 

2 46 


Leucine 

3 76 

2 21 

3 30 


Isoleucine 

2 99 

1 76 

1 71 


Aspartic acid 

4 72 

2 73 

3 4 

11 

Glutonuo “ 

8 19 

4 27 

5 8 

11 

Argimno 

9 33 

16 5 

S 9 


Histidine 

1 09 

1 62 

0 9 

■ ■ 

Lysine 

4 35 

4 58 

5 9 


Hydroxylysino 

0 36 

0 34 

0 9 


Cystine 

0 1 

0 06 

1 <0 1 


Methionine 

2 78 

1 43 

1 0 


Phejnylalamne 

1 S3 

0 85 

2 b 


Ty osino 

0 0 

0 0 

0 0 


Tryptophane 

0 0 

0 0 

0 0 


Proline 

17 8 

11 SS 

17 5 

35 

Hydroxyproline 

4 68 

2 75 

14 65 

36 

Ammonia 

0 68 

3 09 

0 4 

11 


96 55 j 

S3 17 { 

109 32 



• Beveridge, J M R , unpublished data 


2 62 per cent (by homocysteme), cystine, 0 1 per cent, morganic sulfur, 
trace By summation a figure of 0 630 per cent sulfur in ismglass is ob- 
tamed The value for total sulfur by the sodiimi peroxide fusion method 
was 0 632 per cent 

Valine, Leucine, Isoleucinc — ^These were estimated by the microbiological 
method published recently by Kuiken, Norman, Lyman, Hale, and Blotter 
(29) The tomato eluate, which may be omitted under certain circum- 
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stances, was included in the test medium The blank tube m the isoleucme 
senes gave a fairly high titration value, mdicatmg the probabihty that one 
(or more) of the ammo acids used m makmg up the medium was contami- 
nated with this matenal In this connection it is mterestmg to note that 
Hegsted and Wardwell (30) have just reported that certam samples of 
synthetic df-leucme actually contam some isoleucme It was noted that 
at times there was a large variation in the results when the total volume of 
medium was titrated However, if 5 ml aliquots were taken as advised 
by Kuiken e£ al , the titration values of duplicate "tubes checked amazmgly 
well, usually to withm 0 05 ml of 0 1 n sodium hydroxide Apparently 
the occasional variation encountered when the total volume was used for 
the titration resulted from loss of medium through the wettmg of plugs 
The average values of a number of closely agreemg determmations follow 
isoleucme 2 99 per cent, leucine 3 76 per cent, valme 2 29 per cent 

The results are summarized m Table I, m which the correspondmg figures 
for gelatm are tabulated 

An exammation of the data indicates that, ivith the exception of trypto- 
phane, all of the essential ammo acids are present However, it is ex- 
tremely doubtful whether all of them are present m sufficient amount to 
permit maximal growth (as determmed by experiments on rats) even in 
the presence of an adequate amount of tryptophane The values found for 
the essential ammo acids parallel quite closely those quoted for gelatm, a 
protem which is considered to be deficient m valme, isoleucme, threonme, 
and methionine, besides tryptophane It is noteworthy that ismglass con- 
tains markedly more methiomne and threonme and may actually provide 
enough of these substances for maximal growth It would therefore 
appear on the basis of the analytical data presented that ismglass is not so 
deficient as is gelatm m essential ammo acids 

This work was supported in part by a grant from the Banting Research 
Foundation 


SUMMAKX 

1 Values for twenty ammo acids m ismglass have been determmed 

2 The totals of these values account for 96 6 per cent of the protem, or 
83 2 pei cent of the total nitrogen 
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THE FUNCTION OF PYRIDOXINE AND PYRIDOXINE 
DERIVATIVES IN THE DECARBOXYLATION OF 
TYROSINE 

BrI C GUNSALUSandW D BELLAMY 
[From the Laboratory of Bactenologi/, College of Agriculture, Cornell University, Ithaca) 

(Received for publication, June 16, 1944) 

In a study of the tyrosine decarboxylation system of certam lactic acid 
bactena, first described by Gale (1), Bellamy and Gunsalus (2) have re- 
ported that more pyridoxme and mcotinic acid are required for decarboxyl- 
ase production than are needed for maximum growth A medium of largely 
known composition has been obtamed for the production of cells with strong 
decarboxylase activity (3) and a prehmmary note on the function of the 
pyndoxme component m this system published (4) 

Snell et al (5) reported the presence of a compound m animal tissue which 
replaces pyndoxme m the nutrition of certam lactic acid bactena This 
substance, termed pseudopyndoxme, was also found m yeast extract which 
had been autoclaved with dilute hydrochloric acid Matenal with similar 
activity can be formed from synthetic pyndoxme by autoclavmg with 
ammo acids, especially cystme (6), or by treatment with dilute hydrogen 
peroxide (7) While it is not certam that the substance produced by these 
three treatments is the same, the evidence favors this Men Therefore, 
until further evidence is avadable and to avoid the coinmg of new terms 
should the substances prove to be the same, pseudopyndoxme is used m 
the present paper to refer to the substance present m the preparations of 
Snell (6) and of Carpenter, Elvehjem, and Strong (7) which we have 
found to stimulate tyrosme decarboxylation by restmg cells This m- 
volves the assumption that the same active substance functions m the 
decarboxylation of tyrosme and m growth stimulation of Streptococcus lactis 
R and Lactohacillus casei^ (No 8043 and No 7469, respectively, of the 
Amencan Type Culture Collection) 

In the present work the tyrosme decarboxylation system has been studied 
manometncally with phthalate buffer at pH 5 0 and restmg cell suspensions 
^ described m previous reports By growmg cells with suboptimum 
amounts of pyndoxme and addmg substances to cell suspensions m War- 
burg cups, pseudopyndoxme has been shown to function m the tyrosme 
decarboxylase system 

* Since this paper was submitted pyndoxal has been reported (Snell, EE,/ 
Chem , 164, 313 (1944)) and shown to function in tyrosme decarboxylation 
(Gunsalus, I C , and Bellamy, W D , / Btol Chem , 166, 357 (1944)) 
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Methods 

Cultures — Streptococcus faecalis, Strain lOCl, a typical enterococcus 
previously studied in some detail m this laboratory, was used m the original 
experiments When it appeared that pseudopyridoxme was mvolved m 
the decarboxylation and difficulty was encountered m the preparation ot 
active cells deficietft only m this factor, another enterococcus, Streptococcus 
lactis E, (No 8043), was used This culture has also been identified as a 
strain of Streptococcus faecalis - Since Snell and Guirard (8) have shown 
that this culture ivill grow m the absence of pyridoxme, provided sufficient 
alanme is present, it is possible to obtam cells mth a low pyndoxme, or 
pseudopyridoxme, content for a study of the decarboxylation system 

Media — In most of the experiments reported here the medium employed 
by Bellamy and Gunsalus (2) for the production of active cells of Strain 
lOCl was used With Stram R the pyndoxme was omitted, smce gelatm 
m 1 per cent concentration provided about 10 mg of alanme per tube, 
which 13 sufficient to replace pyndoxme (8) Cells of Stram R groivn m this 
medium showed very slight tyrosme decarboxylase activity but were 
markedly stimulated by the addition of pseudopyndoxune to cell suspen- 
sions m the Warburg cups 

Manometnc Ezpenments— Conventional Warburg methods were em- 
ployed to determme the tyrosme decarboxylase activity The cells were 
collected by centrifugation, resuspended m sahne, and added to the side 
arms of the Warburg cups As the QcojCN) of these cells, with tyrosine, 
vanes from 400 to 2000, dependmg upon the stram employed and the 
conditions of culture, from 10 to 2 mg of cells were used per cup In the 
mam compartment the cups contamed 0 5 ml of m/30 suspension of tyro 
sme, 1 ml of 0 075 m phthalate buffer, pH 5 0, and other factors, or water, 
to make 2 5 ml The cells, m the side arms, were suspended m 0 5 ml of 
sahne The gas phase was either air or 5 per cent COi N. The buffer is 
sufficiently acid for the carbon dioxide to be released as formed The rate 
of glycolysis was determmed in m/30 bicarbonate buffer with 5 per cent 
COa Na and 10 micromoles of glucose 

Results 

To determme whether the metabolism of the cells in general is influenced 
by low growrth levels of the pyridoxme, the glycolytic rate of cells harvested 
from the media with mcreasmg levels of pyridoxme was compared ivith the 
rate of tyrosme decarboxylation Glycolysis was selected as an energy- 
Vieldmg mechanism mtimately hnked mth the growth of the organism, 
whereas tyrosme decarboxylation appears to be a rather specific function 
whose importance to the Organism is not as yet clear 

• Sherman, J M , Niven, C F , Jr , and Gunsalus, I C , unpublished data 
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As may be seen from Table I, the rate of glycolysis is about the same for 
cells harvested from media containing from 0 25 to 100 y of pyridoxine 
per 10 ml The lower level supported approximately maximum growth, 
m the medium used, when autoclaved 25 minutes at 15 pounds On the 
other hand, the t 3 Trosme decarboxylase activity of the cells mcreased with 
the level of p 3 mdoxme to a maximum with about 50 y per 10 ml of medium 
The large amounts required recall the results of Snell el al (5) m which 
considerable quantities of pyndoxine were required for maximum growth, 
whereas only a small fraction of the pyridoxme present was removed durmg 
growth 

In order to determme whether pseudopyndoxme is the factor operatmg 
m the tyrosme decarboxylation system, 10 y of pyndoxme were autoclaved 


Table I 

Influence of Pyridoxxne Leiel in Growth Medium on Glycolysis and Tyrosine 
Decarboxylation by Streptococcus faecalts lOCl 


la medium 

Activity of cells 

Pyndoxme 

Growth 

Glycolysis 

Tyrosme 

decarboxylation 

y per 10 mi 


0c(N) 

Ocoif^ 

0 

•i 



0 25 

37 

1400 

60 

0 5 

37 

1750 

120 

1 0 

42 

1750 

290 

5 0 

44 

1600 

460 

10 0 

44 

1550 

870 

20 0 

43 

1550 

1300 

50 0 

44 

1750 

1600 

100 0 

44 

1750 

1300 


* Nepheloraeter reading, each scale unit ~ 6 t of bacterial N per 10 ml 


m the base medium, and the decarboxylase activity of the cells compared 
to that of cells harvested from media to which pyridoxme autoclaved alone, 
and with cystme, was added aseptically after autoclavmg The results. 
Fig 1, show that the rate of decarboxylation was least with the pyridoxme 
added after stenhzation, and greatest with the oystme-treated p 3 Tridoxme 
With the pyndoxme autoclaved m the medium the cells showed mter- 
mediate activity The decarboxylation rate also was mamtamed for a 
longer period with the cells from the medium containmg cystme-treated 
pyndoxme These results defimtely pomt toward pseudopyndoxme as the 
active substance 

To determme whether pyridoxme and pseudopyndoxme would stimulate 
tyrosme decarboxylation by restmg cells, cultures were grown with a sub- 
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optimum amount of pyndoxme (5 7 per 10 ml ), and the influence of these 
substances on the rate of decarboxylation detennmed (Fig 2) The addi 
tion of 50 7 of cystme-treated pyndoxme to the Warburg flasks stimulated 
the decarboxylation rate more than 100 7 of the unheated vitamin The 
onginal rate of decarboxylation was not greatly mcreased but the rate was 
mamtamed when pyndoxme or pseudopyndoxme was added This may 
possibly mdicate that the pyndoxme component functions as a prosthefac 



UINUTES 

Fig 1 Tyrosine decarfaow laso activitj of ceils barveslcd from media containing 
pyridoxine autocIa%ed alone and added asepticallj, nitb cyatme m acetate buSer, 
and in tbe medium The media ncrc autocla\cd 25 minutes at 15 pounds pressure 



Fig 2 Influence of pyridoxine and pseudopj ridoxine on tjrosine decarboxjlJ*® 
activity of cell suspensions Per Warburg cup, 0 25 mg of bacterial mtrogen, 
Streptococcus faccalts. Strain lOCl, grown with 5 7 of pjridoxine per 10 ml of medium 

group of the enzyme system and that higher concentrations are required to 
saturate the enzyme In subsequent experiments it tias found that un- 
heated pyndoxme upon standing m the refngerator slowly mcreased in 
activity Therefore, it is possible that the stimulation shown by 100 7 
of pyndoxme (Fig 2) may have been due to traces of pseudopyndoxme m 
the preparation Woolleys* has also observed that, upon standmg m the 
refngerator, preparations contaimng pyndoxme mcreased m their growth- 

’ Woolley, D W , personal commumcation (1944) 
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promoting activity for another enterococcus, Sireplococcus zymogenes 
(No H69D5) 

With Strain lOCl used m these experiments there is considerable decar- 
boxylase m cells harvested from media contammg 5 y of pyndoxme per 10 
ml of medium With lower amounts of pyndoxme m the growth medium 

the cells did not show stimulation m the Warburg cups For this culture 
there is apparently stdl another factor needed for the production of active 
cells As we have not been able thus far consistently to obtam cells defi- 
cient m pseudopyndoxme, which could be stimulated by the addition of 
this substance, anothei culture was sought as an alternative Therefore, 
the SlT&pUtcoccus lochs R, was tested When this culture is grown m a 
medium lackmg pyndoxme, the cells show very httle decarboxylase activity 
(Fig 3) However, the addition of 20 7 of cystme-treated p5mdoxme re- 
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Fig 3 Influence of pvndoMne and pseudopyndo\ine on tyrosine decarboxylation 
by cell suspensions of Sireplococcus faccalit, Strain R 0 2 mg of bacterial mtrogen 
per cup The pyridoxine and cystine uere autoclaved together 1 hour in acetate 
buffer, see the text 


suited m the maximum rate of decarboxylation (500 7 of pyndoxme were 
autoclaved for 1 hour at 15 pounds pressure with 10 mg of ejstme m 25 
ml of acetate buffer of pH 7 0 (7) ) 10 7 of the cystme-treated pyndoxme 
gave more than half ma ximum stimulation and 2 7 showed some activity 
With the two higher concentrations the decarboxylation rate was mam- 
tamed over a penod of 2 hours As ma} also be seen from Fig 3, no 
stimulation occurred with 100 7 of freshly prepared, unheated pyndoxme, 
nor with 20 7 of unheated p3mdoxme plus 2 mg of cystme Freshly pre- 
pared solutions of some samples of synthetic pyndoxme show shght activity 
If pseudopymdoxme is the factor which functions m the tyuosme system 
of these cultures, samples prepared by the autoclavmg of yeast extract m 
acid medium (5, 7) and by treatment with hydrogen peroxide (7) should 
also activate the decarboxylation As shown m Fig 4, both of these sub- 
stances are active The curve for 10 7 of cystme-treated pyndoxme from 
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Fig 3 IS included here for comparison The figures m parentheses over the 
curves are the approximate pseudopyridovme activity in the preparations 
as indicated by the results of Carpenter, Elvehjem, and Strong (7) While 
these figures are subject to some uncertamty, the stimulation by the dif- 
ferent preparations corresponds reasonably well with the pseudopyndoxme 
content which these workers reported -with Laclobacilbis caset as the indi- 
cator organism Yeast extract autoclaved at neutral reaction was not 
active m the stimulation of decarboxylation 
The maximum rate of decarboxylation obtamed ivith Stram R (Ocoj(N) 
400) was not so great as with Strain lOCl (Qcoj(N) 1000) but the difference 
between the control rate, cells harvested from pyndoxme-free media, and 
that observed with the addition of pseudopyridoxine was much wider 
With the lower control value stimulation occurred after a 10 nunute lag 



Fio 4 Influence of pseudopj ridoxino preparations on tyrosine decarbotjiation 
by cell suspensiona of Streptococcus /accalis, Strain R The 30 per cent yeast extract 
was autoclaved 1 hour in 0 1 N IICl, for tho hydrogen peroxide treated sample 5 7 
per ml of pyridoxine were treated 4 hours at room temperature with 0 8 per cent 
HjOj, see (7) 

and the rate was maintamed for at least 2 hours As pseudopyndoxme 
has not been isolated, it is not possible to judge the quantity required by 
the decarboxylation system However, if as suggested by the results of 
Carpenter, Elvehjem, and Strong (7) not over 10 per cent of the pyndoxine 
IS transformed to the active denvative by peroxide treatment, the quantity 
for half maximum stimulation m the decarboxylation rate is not over Q2y 
per 3 ml and is m all probabihty below this value 
After the various preparations had been tested for pseudopjndoxme 
content, they were stored m the refngerator for future use Over a penou 
of 2 weeks the peroxide-treated pyxidoxme contmued to mcrease m activity 
and unheated pyndoxine became shghtly active m the stunulation of d^ 
carboxylation Pyridoxme upon aeration at room temperature for 
hours (pH about 4 5) stimulated tho decarboxylation After 36 hours 
aeration the stimulation was double that found at 18 hours 
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DISCUSSION 

From the evidence available, the stimulation of tyrosme decarboxylation 
with cell suspensions of two strains of Streptococcus faecalts has been at- 
tributed to the pseudopyridoxme present m the preparations Proof that 
the active material is the same m all the preparations is not available but 
present evidence favors this view The action of this substance m an 
enzyme system would explam at least one of its biological functions So 
far as we are aware this is the first known function of pyndoxme, or of its 
derivatives It is not possible at present to state the value of this system 
from the standpomt of comparative biochemistry, smce the mechanism of 
ammo acid decarboxylation, especially tyrosme, m other cells is not known 

It seems possible that this t 3 fpe of system may be of importance m animal 
tissue m the metabolism of t 3 Tosme which has been associated with h}rper- 
tension (9) This view is strengthened by the observation of Bemheim 
and Bemheim (10) that tyramme, but not tyrosine, is deammated by most 
rat tissues 

The numerous factors mvolved m the formation and function of the 
system require further study Among the factors of importance for the 
formation of the system are the presence of tyrosme, the final pH of growth, 
the concentration of mcotmic acid, and apparently an imidentified factor 
present m tryptone and yeast extract, m addition to the pyndoxme com- 
ponent 

SUMMARY 

A denvative of pyndoxme present m acid-autoclaved yeast extract and 
m pyndoxme solutions treated with cystme, or with dilute hydrogen perox- 
ide, has been shown to function m the decarboxylation of tyrosme The 
stimulation of the tyrosme decarboxylase system by these three prepara- 
tions IS m proportion to theu pseudopyndoxine content as reported by 
Carpenter, Elvehjem, and Strong 

Unaltered pyndoxme is mactive or much less active m this function 

Pyndoxme upon standmg m the refrigerator or upon aeration gradually 
mcreases m abihty to stimulate the decarboxylase system 
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THE VERATRINE ALKALOIDS 

XXII ON PSEUDOJERVINE AND VERATROSINE, A COMPANION GLYCO- 
SIDE IN VERATRUM VIRIDE 

By WALTER A JACOBS and LYIVIAN C CRAIG 
(From the Laboratories of The Rockefeller Institute for Medical Research, New York) 

(Received for publication, July 6, 1914) 

In the course of theur studies on the alkaloids contained in Veratnim 
album and Verairum vinde, Wnght and Luff (1) isolated a new, sparingly 
soluble base called pseudojemne because of the similarity to jervine m the 
color developed by its solution in sulfunc acid The formulation, 
CisHuOiN, which was derived from their analytical data has more recently 
been altered by Poethke (2) to CnHiaOsN on the basis of titration results 
and analytical data obtamed with a number of its derivatives Poethke 
also demonstrated the secondary character of its mtrogen atom by the 
preparation of a mtroso derivative Because of the resemblance to jervme 
m this respect and because of its similar behavior with sulfunc acid, he 
accepted the view of Wnght and Luff of a close relationship between the 
two alkaloids However, no clue to the nature of this relationship was 
given In a previous paper (3), m which the formulation of jervme was 
revised to C27H39O3N, we have discussed the possibility that pseudojemne, 
with the formula CsiILaOsN, could be a glycoside of the simpler base with 
a hexose We have smce had opportumty to verify this relationship by 
the study of pseudojemne itself 

Followmg a number of unsuccessful attempts to isolate this alkaloid 
from the sample of commercial Verairum album with which we had been 
working, we turned to an mvestigation of a commercial sample of Verairum 
mnde of Amencan ongin This study has resulted m the isolation of a 
number of new alkaloids from this source, and the need for a revision of 
certam previously recorded mterpretations The crude plant material 
was at first well extracted with benzene essentially m the manner previ- 
ously descnbed by us for the extraction of Verairum album (4) The 
results of the study of the large alkaloid fraction contamed m this extract 
rvill be described m a subsequent commumcation Followmg the benzene 
extraction, the crude material was then further extracted with alcohol 
When this extract was mvestigated, an additional crude nuxture of bases 
was obtained from which pseudojervme was readily isolated It was found 
to agree m general properties with those previously recorded for the sub- 
stance 

Its behavior toward acid demonstrated its glycosidic character Hou- 
ses 
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ever, the base which was isolated from the hydrolysis nurture did not yield 
the spaiingly soluble sulfate or hydrochlonde characteristic of jervme 
When, the free base was extracted with chloroform, it was obtained m a 
form which contamed chloroform of ciystalhzation It ciystalhzed from 
acetone also with solvent of crystalhzation Under proper conditions, it 
separated from diluted ethanol, likewise with solvent Attempts to obtam 
the base by direct crystalhzation m a solvent-free form have not been sue 
cessful In each case, the solvent-contammg base possessed a low and im 
satisfactorj’^ softenmg pomt, rather than a meltmg pomt From acetone, 
it crystaUized with 1 mole of solvent and gave the rotation [aJo” = —32 5° 
m ethanol The analj-tical data with the solvent-free base showed it to 
be an isomer of jenine, CnHjjOjN In sulfuric acid, its behavior was 
mdistmguishable from that of jervine as regards the character and succa- 
sion of colors produced For convenience, the tnvial name, uojervine, 
has been adopted The same base was ob tamed by cleavage of pseudo- 
jervme at room temperature with methanol saturated with HCl 

The failure to obtam jervme itself suggested at once the possibility that 
jervme may be isomenzed to the iso compound under the conditions used 
for the cleavage of pseudojervme This was found to be the case Jervme 
yielded a substance mdistmguishable m properties by this treatment It 
appears that either isojervme exists as such m pseudojervme, or, what is 
more probable, that it is an artifact and pseudojervme is a derivative of 
jervme itself 

A product also of the hydrolysis of pseudojervme was found to be 
d-glucose The latter was isolated as the phenylosazone, which w as charac- 
tenzed as the glucose derivative by its mutarotation m pyndme-alcohol 
solution, accordmg to Levene and La Forge (5) The specific rotation, 
Wd = +47°, found for the sugar solution itself approximated that for 
d-glucose, vtz , [aJo = +52 5° 

Investigation of the mother hquors from pseudojervme has led to the 
isolation of a new glycosidic alkaloid which proved to be somewhat more 
soluble m alcohol than pseudojervme The formulation denv ed frolli the 
analytical results was CjjHijOtN, or with 1 oxygen atom less than the num- 
ber contamed m pseudojervme The substance formed woolly masses oi 
needles from dilute alcohol which contamed solvent The rotation found 
was [a]“ = —53° (c = 0 255 m chloroform-ethanol) On hydrolysis with 
dilute HCl, it yielded the sparmgly soluble hydrochlonde of a base Analy 
SIS of the base itself gave figures which approximated the formulation, 
C 17 H 33 O 2 N, which differs from that of jervme by 1 oxj'gen atom T e 
sugar formed was identified agam as d-glucose by the specific rotation of is 
aqueous solution, viz , Hd = +54° This was substantiated by t e 
analysis and mutarotation of its phenylosazone 
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The specific rotation of the base, CjiHajOiN in methanol, was found to 
be [q;]“ = —69“ The occuirence of the new glycoside with pseudojervine 
recalled the recent isolation bj Saito (6) from Verairum grandiflomm 
Loes fil of the new companion alkaloid to jervine, veratramme, for which 
the formulation CjjHjsOjN was derived In a study to be presented in 
another connection, veratramme was also isolated from Verairum mnde 
As will be shown, the analytical data obtamed with this alkaloid and its 
denvatives have made necessary a revision of its formulation to CjrHsgOsN 
The base obtamed by the hydrolysis of the above glycoside was found to 
bear a close resemblance m properties to veratramme In particular, the 
substance recovered after veratramme itself was subjected to the action of 
HCl was mdistmguishable m properties from the new base The conclusion 
appears, therefore, justified that the new glycoside is a denvative of 
veratramme The trivial name, veralrosine, has been adopted for it 

The occurrence of the two glycosidic alkaloids, pseudojervme and vera- 
trosme, which are denvatives of steroidal bases, bnngs to mmd the closely 
related glycosidic potato alkaloids, such as solamne 

EVFERIMENTAL 

A commercial sample of the roots and rhizomes of Verairum mnde was 
obtamed from S B Pemck and Company The ground crude mass, m 
amounts of 2 kilos, was moistened with dilute ammoma and first extracted 
with benzene, essentially as previously described by us (4) The results 
of the study of this extract ivill be presented at a later time The remam- 
mg material was at once covered with 6 htera of 95 per cent ethanol and, 
after standmg at room temperature for a day or so, was filtered and pressed 
off The Bohd was agam suspended m 4 hters of solvent to which 50 cc 
of ammoma (0 9 sp gr ) had been added The extraction was repeated a 
third tune with 4 liters of alcohol The combmed extracts were concen- 
trated in vacuo to remove all alcohol Toward the end, the addition of 
small amounts of octyl alcohol was found necessary to control the foammg 
The very dark colored, resmous, aqueous mixture was treated rvith an ex- 
cess of 20 per cent sodium carbonate solution, and shaken with an equal 
volume of chloroform Tor separation, the mixture was allowed to stand 
overnight The rather large fraction of undissolved, resmous matenal was 
macerated with about 250 cc of water, then added to the ongmal aqueous 
phase, and extracted with fiesh chloroform Agam a resm formed at the 
mterface, and its extraction with chloroform, after suspension m water, 
was repeated several times In this manner, from a total of 6 kilos of 
root, about 5 liters of combmed chloroform extract resulted After this 
mixture was washed ivith water, it was repeatedly extracted mth 2 5 
pel cent tartaric acid solution A resmous suspension, which collected at 



568 


VERATRINE ALKALOIDS KXn 


the interface, was separated by centrifugation and reextracted with acid 
after resuspension The combined, clear, colored, acid extract was made 
alkalme with excess ISTaOH and reextracted with chloroform The latter 
was cleared mth sodium sulfate and then concentrated to a thin syrup 
Addition of ether gave a powder of crude, muxed, alkaloidal material The 
yield, which vaned considerably because of manipulative difficulties, ap- 
proximated 20 gm from 6 kilos of ongmal plant material 

Pseudojervine' — 15 gm of the crude alkaloid mixture were warmed with 
75cc of 95 per cent ethanol Solution was followed by rapid crystalhzation 
of a fine, colored powder The yield of what proved to be pseudojervme 
was 3 5 gm For recrystalhzation, it was dissolved m a mixture of 50 cc 
of methanol and 3 cc of acetic acid After bemg cleared with bone-blacL, 
the solution was treated with an excess of ammoma and then carefully 
diluted for crystalhzation A repetition of the process yielded lustrous 
leaflets, which melted with decomposition at 300-301® after prehmmary 
softening and discoloration 

C„H„0,N Calculated, C 67 42, H S 41 , found, C 67 59, H 8 35 

The rotation was detemuned m a mixture of 1 \ olume of absolute ethanol 
and 3 volumes of chloroform [a]^ = — 133® (c = 0 46) 

Poethke (2) reported for a different ethanol-chloroform (7 43) mixture 
[al-“ = -139® (c = 0 4) 

Seiferle, Johns, and Richardson (7) reported [a]^ — —133 4® (c = 048 
m 1 3 ethanol-chloroform) 

Cleaiage of Psmdojervine Isojervine — 0 2 gm of the glycoside was re- 
fluxed for 1 hour and 20 mmutes m 20 cc of 2 per cent aqueous HCl 
The solution remained clear on coohng It was made just alkalme to 
phenolphthalem and repeatedly extracted w’lth a fair v olume of chloroform 
The latter, after bemg cleared with sodium sulfate, w as concentrated to a 
few cc Crj stalhzation of the spannglj soluble chloroform compound of 
isojervme occurred The yield was 0 13 gm It formed ghstenmg micro 
leaflets or platelets winch tenaciously retamed color It smtered above 100 
and gradually softened from 135-150°, depending on the rate of heatmg 
Analysis m this form was rendered difficult by the retention of solvent 

The desiccator-dned matenal gave the following figures on direct analy- 
sis 

C2,H„0,K CHCl, Calculated, C 61 69, H 7 40, found, C 60 45, H 7 33 

Better results were obtamed with the substance wluch crjstalhzed from 
about 50 per cent alcohol It formed microscopic, short, prismatic needles, 

1 We wish to thank Dr 1 B Johns, of the Iowa State College, for a small sample of 

pseudojervine 
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which also contained solvent It gradually softened above 108°, and slowly 
melted to a resin at 114-116° xvith effervescence This form appeared to 
contain, mostly alcohol of crystallization 

C C H4OH Calculated, OCjHi 9 58, found, 8 57 

The substance, when dned at 90° and then at 110° and 2 mm , lost 9 12 
per cent of solvent 

Ci,Hj»Q,N Calculated, C 76 18, H 9 24, found, C 76 98, H 9 27 

The most satisfactory form of the base for characterization was obtained 
from dry acetone The data recorded here came from the material which 
resulted from the cleavage of pseudojervme with methanol saturated at 
0° xvith HCl For this purpose, 0 75 gm of pseudojervme was dissolved in 
10 cc of this mixture and left at room temperature for 1 hour The dear 
solution was concentmted and the residue, after treatment with water and 
an excess of sodium carbonate solution, was at once extracted with a large 
volume of chloroform Occasionally, the chloroform compound crystal- 
lized durmg this operation The substance, which agreed m all properties 
with that described above, was dissolved m warm alcohol and concentrated 
to a resm The latter was dissolved m dry acetone and yielded spanngly 
soluble flat pnsms or plates which contained solvent It melted at 110- 
114° with effervescence after preliminary smtenng = —32° (c = 1 11 

m 95 per cent ethanol) For analysis, it was dned first at 90°, followed by 
110° at 2 mm 

CjjHjbOjN C»H«0 Calculated, CjH«0 12 OO, found, 11 63 

Calculated. C 76 18, H 9 24, found, C 76 07, H 9 23 

Contrary to jervine, this substance does not yield a spanngly soluble 
sulfate or hydrochlonde 

When 0 5 gm of jervme was substituted for pseudojervme with methyl 
alcohohc HCl, the 3ueld of chloroform compoitnd was 0 46 gm The sub- 
stance separated from acetone as platelets or pnsms mdistmguishable from 
that descnbed above It gradually melted with effervescence at 110-113°, 
after prehminary smtenng [a]!* = —32° (c = 1 01 m 95 per cent ethanol) 

The desiccator-dned substance gave the foUowmg figures 

CmHjbOjN C,H,0 Calculated, C 74 48, H 9 38, found, C 74 20, H 9 25 

When dned at 90° and then at 110° and 2 mm , it lost its acetone 
C„H»0,N CJSiO Calculated, C,H.O 12 00, found, 11 95 
Ca,H„0>N Calculated, C 76 IS, H 9 24, found, C 76 31, H 8 99 

Because of the spanng solubihty of its hydrochlonde m aqueous HCl, 
0 5 gm of jervme was boded instead m 50 per cent ethanol, which contained 
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2 per cent HCl Practically all dissolved at once When refluxed for 
1 5 hours and allowed to cool, cr3'3talhzation agam occurred 0 35 gm 
of jervine hydrochloride was recovered and identified by reconversion to 
the base The soluble hydrochlonde fraction was extracted as the free 
base with chloroform 0 17 gm of the chloroform compound of isojervine 
was obtamed After recrystalhzation from acetone, it agreed m all prop- 
erties ivith the base obtained from pseudojervme The substance as di- 
rectly obtamed from acetone was analyzed 

round, C 74 14, H 9 45 

d-Olucosc — In the case of the hydrolysis of pseudojervme with aqueous 
acid, as given above, the alkahne aqueous phase, which remamed after 
extraction ivith chloroform, was at once exactly neutrahzed to htmus ivith 
HCl and, after bemg cleared with nont, was concentrated in vacuo to dry- 
ness The residue was extracted with 95 per cent alcohol The extract 
after concentration to dryness was dissolved m water and made up to 
volume The sugar determination with copper solution showed the 
presence of 1 158 per cent calculated as glucose The observed rotation 
was [a]“ = -hO 54“ From this, ta]JP = -1-47“ For d-glucose, Hd = 
-1-52 5“ 

The phenylosazone substantiated this result 71 mg of the latter were 
obtam^ from the sugar fraction from 0 3 gm of pseudojervme 4fter 
recrystalhzation, it melted mth decomposition at 205-206“ 

Ci.HnO.N, Calculated C 60 30. II 6 19, found, C 60 29, H 6 43 

The mutarotation of the osazone m pyndme-alcohol solution was also 
determmed according to Levene and La Forge (5), except that the final 
readmg was taken after 44 hours instead of 24 hours The mitial reading 
was 'all® = — 66“, after 44 hours, [ol|® = —30“ 

Veralrostne — The mother liquor from the above 3 5 gm of crude pseudo- 
jervme was carefully diluted A small amount of suspension of very fine 
crystals, apparently additional pseudojervme, appeared but, smee its re- 
moval by filtration proved difficult, the dilution of the mixture was earned 
further to mcipient turbidity After several days, a somewhat colored, 
crystallme deposit was obtamed, which amounted to 6 8 gm This matenal 
v/as dissolved m 100 cc of methanol with the aid of 4 cc of 50 per cent 
acetic acid The colored solution was treated with 5 cc of ammoma and 
allowed to stand Aside from flocculent matenal, no crystallization oc- 
curred The mLxture was filtered and washed with methanol To the 
solution of 150 cc , 50 cc of H-O were added Gradual crystaUization th^ 
occurred After standmg for completion, the deposit was collected wi 
methanol-water (3 1) m which it appeared to be somewhat soluble 
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gm of substance were obtained, which smtered above 210° and gradually 
softened to a melt at 225-231° For further purification, this was dissolved 
m 25 cc of hot methanol and filtered rapidly from a small amount of spar- 
mgly soluble matenal The filtrate which began to crystallize was care- 
fully diluted Prompt separation of woolly masses of dehcate needles oc- 
curred About 1 gm was obtamed After prelimmary discoloration and 
smtenng, especially above 230°, it softened above 235° and finally became 
a colored, effervescent mass at 242-243° The meltmg pomt varied some- 
what with mdividual preparations and also depended on the rate of heatmg 
and the conditions of crystallization 

Because of its sparmg solubility m most solvents except methanol, the 
rotation of the alkaloid was taken m a mixture of equal volumes of 95 
per cent ethanol and chloroform = —53° (c = 0 255) 

For analysis, the substance was dned at 110° and 2 mm The dned 
material proved to be somewhat hygroscopic 

Calculated C 69 31, H 8 64 

Found (a) » 69 29, “ 8 56 

“ (6) “ 69 19, “ 8 64 

“ (c) “ 68 78, “ 8 87 

Cleavage of Verairostne — 0 3gm of the glycoside was refluxed m 60 cc of 
2 per cent aqueous HCl for 1 hour The clear solution gradually deposited 
a crystallme salt on coolmg After 24 hours, the collected matenal 
amounted to 0 17 gm The aqueous solution proved to con tarn a small 
amount of unhydrolyzed glycoside and the sugar fraction The above 
hydrochlonde was dissolved m a good volume of hot water, rapidly cooled, 
and at once made alkalme and extracted quickly wth chloroform before 
coagulation The dned extract yielded a residue of amorphous base 
which crystalhzed from dilute alcohol as delicate needles The substance 
gradually melted at 192-195°, but did not clear until 199° It showed no 
depression when mixed with veratramme [a]^ = — 69° (c = 0 99 m 
methanol) 

For analysis, the base was dried at 115° and 2 mm The hygroscopic 
character of the dried material rendered analysis rather difficult 

C„H„OjN Calculated, C 79 16, H 9 60, found, C 78 90, H 9 91 

The aqueous filtrate from the above hydrochlonde was carefully treated 
with alkali until phenolphthalem just turned The flocculeiit precipitate 
was extracted with chloroform and the aqueous sugar solution was care- 
fully neutralized with HCl The chloroform extract yielded a small 
amount of unhj’drolyzed glycoside which crystallized as delicate needles 
from the concentrated chloroform solution After recrystallization from 
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methanol, it exhibited the usual meltmg point and properties, and gave the 
followmg figures 

Found, C 69 W, H 8 73 

The sugar solution was treated m the manner described m the case of 
pseudojervme, and brought to volume The sugar content of the solution 
calculated as glucose was found to be 1 059 per cent The observed rota- 
tion was [o]J® = +0 57“ From this, [o]d'* = d-54° 

The phenylosazone melted at 205-207“ 

CnHaO.N* Calculated. G 60 30, H 0 19, found, C 60 22, H 6 18 

The imtial rotation of the osazone m pyndme-alcohol was found to be 
Wi? = — 62“, after 44 hours, [a]“ = —30“ 

The sugar is, therefore, d-glucose 

The analytical results reported here were obtamed by Mr D RigakM 
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THE PREPARATION OF FRACTIONS FROM PANCREAS THAT 
PREVENT FATTY LIVERS IN DEPANCREATIZED 
DOGS MAINTAINED WITH INSULIN 

By C ENTENMAN, I L CHAIKOFF, and M LAURENCE MONTGOMERY 

(From the DmstOTia of Physiology (Berkeley) and Surgery (San Francisco) University 
of California Medical School) 

(Received for publication, July 5, 1944) 

Previous work has demonstrated that raw pancreas contains a factor 
that prevents fatty livers m completely depancreatized dogs mamtamed 
with msuhn (1-3) Although chohne m large amounts has a similar effect 
(4, 5), it was demonstrated by a procedure m which the hpotropic effects 
of chohne and pancreas were compared that pancreas is still active m 
amounts that cannot be accounted for by the chohne content (3) 

In 1936 Dragstedt and his coworkers extracted pancreas with alcohol 
and obtamed a fraction (hpocaic) which they claimed to be a new hormone 
capable of preventing and cunng fatty hvers m completely depancreatized 
dogs mamtamed with msuhn (6) This fraction was reported to be soluble 
m 60 per cent alcohol It was found by Entenman ei al , however, that 
hpocaic* IS a poor source of the antifatty hver (A F L ) factor of the 
pancreas (7) An amount of hpocaic derived from 100 gm of raw pancreas 
was shown to be less effective than 1 gm of Fraction AR,^ a dned defatted 
fraction derived from 5 5 gm of raw pancreas 
The present report deals with procedures for the isolation of the A F L 
factor of the pancreas The fractions prepared here differ from that used 
by Dragstedt and his coworkers m that they were first extracted with 
dilute acid and then precipitated with ammomum sulfate The daily m- 
gestion of as small an amount as 60 mg of one of the fractions contamed 
sufficient activity to mamtam normal hvers m depancreatized dogs for as 
long as 6 months 

Fraclionatton Procedures 

Fraction A — Fresh beef pancreas was freed of extraneous tissue and 
thoroughly ground m a small meat gnnder 1 kilo of this ground tissue 

’ The term hpocaic 13 reserved here for Dragstedt’s fraction of pancreas 
’ Fraction AR was prepared as follows Fresh pancreas was ground and thoroughly 
shaken with 2 volumes of acetone for 1 hour The residue was extracted a second 
time with the same amount of acetone and then pressed to remove as much of the 
solvent as possible The residue was then dned m warm air, ground to a fine powder, 
and finally extracted with ethyl ether in a Soxhlet apparatus for 8 hours It was 
stored at — 18° until used 
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was then mixed with 2000 cc of 0 24 n HjSOt and the mixture agitated at 
room temperature for 30 mmutes m a mechamcal shaker It was then al- 
lowed to stand overnight (18 hours) at 4“ At the end of this tune the 
mixture was shaken for 30 mmutes at room temperature and squeezed 
through coarse mushn Approximately 2100 cc of a reddish turbid hquid 
wereobtained, and to it were added 377 gm ofsohdcp ammomum sulfate 
The ammonium sulfate added was sufficient to yield approximately 0 25 
saturation The mixture was shaken at room temperature until the am- 
monium sulfate dissolved and then placed m a cold room (4°) for 12 hours 
The mixture was then filtered in the cold (4°) ivith suction through 
a large Buchner funnel contaming No 1 Whatman filter paper and a layer 
(1 gm m all) of Super-Cel The filtration reqmred approximately 18 to 24 
hours for completion The residue was discarded 

377 gm of solid ammomum sulfate were then added to the filtrate and 
the mixture shaken untd the salt completely dissolved This raised the 
concentration of ammomum sulfate to approximately 0 5 saturation The 
white precipitate that formed was allowed to settle for 12 hours m the cold 
room The mixture was then filtered ivith suction through a large Buchner 
funnel containmg No 1 Whatman filter paper and 1 gm of Super-Cel 
This filtration, which was earned out in the cold room, required about 1 
hour The filtrate was discarded The precipitate was dned by suction, 
great care was taken to avoid excessive drymg This precipitate is 
designated hero Fraction A 1 kilo of raw pancreas yielded approximately 
19 gm of Fraction A 

For convemence of feeding, a dned preparation of Fraction A was made 
as follmvs An amount of Fraction A denved from 1000 gm of pancreas 
was suspended in 80 cc of distilled water and 400 cc of acetone added 
The precipitate formed was allowed to settle for 4 hours and separated by 
filtration This precipitate was dned in air for 2 hours at room temperature 
and then stored in a desiccator at 4° until fed The matenal so obtained 
was a grayish white powder 

Fraction B — An amount of Fraction A derived from 1000 gm of pancreas 
was dissolved m 350 cc of distilled water and transferred to the cold room 
(4°) It was made 0 25 saturated wth respect to ammomum sulfate, 
this was done by addmg to it slowly and with stirnng a solution that had 
been saturated with ammomum sulfate at 4° The mixture was then kept 
in the cold room at 4° for 12 hours It was filtered ivith suction through a 
No 1 Whatman filter paper and 1 gm of Super-Cel m a large Buchner 
funnel The precipitate was discarded To the filtrate was added more 
of the cold (4°) saturated solution of ammomum sulfate, so as to make the 
filtrate 0 5 saturated xvith respect to ammonium sulfate The mixture was 
set aside in the cold room (4°) for 12 hours It was then filtered as de- 



ENTENMAN, CHAIKOFF, AND MONTGOMERY 


575 


scnbed above The filtrate \sas discarded and the precipitate dried by 
suction Care was taken to avoid excessive drying of this I'esidue It was 
suspended in 80 cc of distilled water and to it 400 cc of acetone were 
added The mixture was allowed to stand at room temperature for 4 hours 
The white precipitate that setti ed out was separated by filtration as described 
above The residue is Fraction B It was thoroughly dned m air and 
stored in a desiccator at 4° until it was fed 1 kilo of raw pancreas yielded 
approximately 15 gm of Fraction B 

Fraction 27C — An amount of Fraction A denved from 1000 gm of 
pancreas was suspended in about 200 cc of water and dialyzed for 48 hours 
m runmng tap water m order to free it from ammonium sulfate The 
mixture was then centrifuged The small amount of residue (Fraction 
27B) was found mactive The supernatant (pH 5 9) was made up to 500 
cc with water and an equal volume of a cold saturated solution of am- 
momum sulfate added slowly ivith stimng A white precipitate formed, 
it was allowed to settle in the cold room for 12 hours The precipitate was 
separated by filtration and then treated ivith 1 volume of water and 5 
volumes of acetone, as descnbed for Fractions A and B The product ob- 
tamed was a white powder, 1000 gm of pancreas yielded approximately 
12 gm of this fraction, which is designated here Fraction 27C 

Btoassay of Pancreatic Fractions 

The method employed in this laboratory for the assay of these fractions 
by the use of completely depancreatized dogs has been descnbed elsewhere 
(8) Weighed amounts of each fraction were fed twice dady ivith the diet 
for as long as 20 weeks and the whole hver excised at the end of this time 
for fat analysis The abihty of a fraction to prevent the deposition of ab- 
normal amounts of fat in the hver for as long as 5 months (as shown by the 
findmg of a normal fat content m the hver at the end of the period of assay) 
is taken as evidence for the presence of the A F L factor in the fraction 
fed 

A positive result with this assay procedure means that the amount of a 
fraction fed contains a sufficient amount of A F L factor to mamtam a 
normal fat content in the liver for long penods Amounts of the A F L 
factor that are not sufficient for complete prevention of fatty hvers will not 
be detected by this procedure But no other procedure of assay in the 
depancreatized dog can be justified at present 

Results 

In Table I are shown the effects of the daily feedmg of 240 to 380 mg of 
Fractions A, B, and 27C The amounts fed were denved from 20 gm of 
raw pancreas These amoimts were sufficient to prevent the appearance of 
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abnormal amounts of fat m the hvers of depancreatized dogs for as long as 
5 months The activity of 240 mg of Fraction 27C was tested in si\ dogs 

Table I 


Effect of Feeding Various Fractions Derived from SO Gm of Raw Pancreas 


DogNo 

Pancreas fraction 

Liver 

Body weight 




Weight 

Total fatty 
acids 

Ffcoperative 

Final 

1)334 

A 

mi 

380 

tvkt 

20 

tm 

359 

ftr ceni 

2 7 

11 

if 

9 8 

D335 

A 

380 

13 

459 

2 7 


10 2 

D336 

A 

380 

20 

374 

5 8 

KB 

89 

D327 

B 

300 

20 

453 

4 4 

8 0 

6 2 

D329 

B 

300 

20 

529 

3 9 

12 0 

7 2 

D378 

27B 

t 

12 

281 

30 5 

9 8 

7 8 

D379 

27B 

t 

15 

490 

22 0 

12 5 

6 6 

D381 

27B 

t 

10 

502 

25 0 

14 0 

9 0 

D370 

27C 

240 

21 

422 

1 7 

12 0 

8 5 

D390 

27C 

240 

10 

430 

6 5 

11 7 

8 8 

D394 

27C 

240 

17 

580 


15 3 

10 9 

D410 

27C 

240 

20 

473 


17 5 

13 1 

D414 

27C 

240 

20 

551 

Bn 

15 0 

11 7 

D429 

27C 

240 

13 

470 

4 0 

9 7 

8 3 


* These traotiona were prepared fresh every 3 weeks All fractions contained 
small amounts of Super-Cel 

t Prepared as a suspension that was kept frozen until used 


TABim n 

Effect of Feeding 60 ilg of Fraction S7C Derived from 5 Gm of Raw Pancreas 


Dog No 


Liver 

Body weight 

fed* 

Weight 

Total fatty 
adds 

Preoperative 

Final 


(tJIj 

sm 

Peresnt 

■OB 



10 

600 

3 0 


9 7 


12 

372 

3 1 

■B 



26 

452 

3 1 

12 7 

10 3 


26 

460 

3 1 

11 7 



26 

472 

3 4 

11 5 

9 3 

. 


* A large amount of Fraction 27C was prepared at one time for this expenment 
It was stored in the ice box until used 


In five of them the fatty acid content of the hver did not e\ceed 4 per cent, 
m one dog the fatty acid content found after 16 weeks of daily feeding was 
6 6 per cent Fraction 27B was found completely mactive, 30, 22, and 25 
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per cent fatty acids were present m the livers of three dogs that had been fed 
this fraction for 12, 15, and 16 weeks respectively 

The potency of Fraction 27C is shown in Table II The daily feeding of 
as small an amount as 60 mg of this fraction served to prevent fatty m- 
filtration of the hver for over 6 months In three dogs that received this 
amount of Fraction 27C for 6 months, the total fatty acid content of the 
hver did not exceed 3 4 per cent 60 mg of Fraction 27G were obtained 
from 5 gm of pancreas, it was shown previously that the feedmg of 5 gm of 
raw pancreas prevents fatty hvers m depancreatized dogs mamtained with 
insulin 

In the small amounts fed, none of the fractions mamtamed the mitial 
weight of the dogs (Tables I and II) It must be obvious, however, that 
factors in addition to (or perhaps other than) the A F L factor are con- 
cerned with the nutritional state of a dog depnved of the external secretion 
of the pancreas Only the A F L activity of the pancreatic fractions fed 
IS measured here by the method of assay used 

Comment 

The A F L factor of the pancreas is soluble m dilute acid All active 
fractions used m this study were obtained from pancreas by treatment with 
0 24 N HjSOi The results obtamed with Fractions A, B, and 27C leave no 
doubt that the active factor is insoluble in concentrations of ammomum 
sulfate between 0 25 and 0 5 saturation In the preparation of Fraction A, 
the limits of the concentrations of ammomum sulfate were roughly fixed be- 
tween 0 25 and 0 5 saturation by the addition of sohd ammomum sulfate 
In the preparation of Fractions B and 27C the limits were more carefully 
fixed by a second precipitation with saturated solutions of ammomum sul- 
fate Fraction B contamed none of the matenal insoluble m 0 25 saturated 
ammonium sulfate, whereas Fraction 27C contamed the matenal msoluble 
in concentrations of ammomum sulfate not greater than 0 5 saturation 

The presence of activity m Fraction 27C shows that the A F L factor m 
pancreas is not dialyzable The precipitate that settles out dunng the 
dialysis (Fraction 27B) apparently contains none of the active factor This 
conclusion is based not only on the inabihty of Fraction 27B to prevent fatty 
hvers when fed m amounts derived from 20 gm of raw pancreas, but also on 
its failure to raise the blood hpids of depancreatized dogs mamtained w ith 
insuhn, the daily feedmg of an amount of Fraction 27B derived from 200 
gm of pancreas for 3 weeks faded to raise the blood hpids of depancreatized 
do^ maintained with msnlin It has been shoivn elsewhere that the feedmg 
of 1 gm of raw pancreas per day is sufficient to raise the blood hpids of such 
animals (9) 
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This investigation was aided by grants from Sharp and Dohme, Inc , and 
the Chnstme Breon Fund for Medical Research The insulm was gener- 
ously furnished by Eli Lilly and Company 

SUMMARY 

1 The preparation of pancreatic fractions that prevent fatty livers in 
completely depancreatized dogs mamtained wth insuhn is described 

2 Active fractions were obtamed from dilute acid extracts of pancreas 
by precipitation ivith ammomum sulfate between concentrations of 0 25 and 
0 5 saturation 

3 The daily feeding of as small an amount as 60 mg of a fraction mam- 
tamed a normal fat content m the hvers of completely depancreatized dogs 
for as long as 6 montlis 
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THE EFFECT OF CASTRATION AND VARIOUS STEROIDS ON 
THE ARGINASE ACTIVITY OF THE TISSUES OF THE MOUSE* 

Br CHARLES D KOCHAKIAN 

{From the Departmenl of Vital Economics, The University of Rochester, 
Rochester, New York) 

(Received for publication, May 17, 1914) 

The demonstration that unnaiy androgen extracts (1, 2) and certam 
ctystalhne steroids (3-12) produce marked mtrogen retention m dogs and 
humans suggested that these steroids might affect enzymes concerned with 
protem metabohsm Herem is reported the effect of castration and a num- 
ber of steroids on the argmase activity of several tissues of the mouse 

Methods 

Pellets — The steroids* were made mto cyhndncal pellets of 14 ± 1 mg , 
diameter 2 7 mm , and height 2 7 ± 0 1 mm , by means of a hand press 
designed m this laboratory 

Animals- — ^Mice of the highly inbred Murray-Little dba strain were cas- 
trated imder ether anesthesia at 16 0 to 19 5 gm of body weight They 
were fed Punna fox chow checkers 

In most of the experiments four or more mice were used In a few in- 
stancesj however, the scarcity of matenal limited the number of animals, 
but only obvious conclusions are made m these cases 

Duration of Experiments — ^The steroid pellets were implanted subcuta- 
neously 30 days after castration There were two senes of axpenments 
(a) treatment for 10 days and (b) treatment for 30 days AH of the com- 
pounds were tested m the 30 day experiments but only the more active 
compounds m the 10 day experiments Testosterone was tested also m 
a 20 day penod 

Preparation of Tissues — The mice were fasted for 24 hours before autopsy 

* This investigation was aided by grants from the Josiah Macy, Jr , Foundation 

Progress reports of the data contained in this paper have been made to the 

Josiah Maey, Jr , Foundation conferences on the “Metabolic aspects of convales- 
cence including bone and wound healing” (September 11-12, December 11-12, 1942, 
March 12-13, June 11-12, October 8-9, 1943, February 11-12, 1944) 

* The allopregnanol 3(a)-one-20, etiocholanol-3(a)-one 17, and pregnanol 3(a)- 
one 20 were generously provided by Dr K Dobnner and Dr S Lieberman All of 
theothersteroidsweremadeavailablethrough the cooperation of Dr E Oppenheimer 
and Dr C R Scholz of the Ciba Pharmaceutical Products, Inc Many of these com- 
pounds were specially prepared for this and related studies by Dr C R Scholz 

* The mice were provided bv S G Warner of the Biological Station, Sprmgville, 
New York 
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They were killed by decapitation and exsangumation The organa, axcept 
the small mtestme, were removed, weighed, and dropped mto heavy walled 
test-tubes containmg 5 ml of ice-cold redistilled water * The sm^ mtes- 
tme was removed and placed in a Petn dish containmg physiological salt 
solution, where it was sht lengthwise, freed of its contents, and washed 
twice with fresh portions of salme Then the organ was cut mto lengths of 
5 to 10 mm to facihtate homogenismg, blotted on filter paper, weighed, and 
dropped mto the test-tube The tissues were ground to a fine emulsified 
state m an all-glass apparatus similar to that used by Potter and Elvehjem 
(13) Then the homogemzed tissues were diluted so that the argmase 
values would not exceed 12 umts per ml The hver and mtestme were pre- 
pared first as stock mixtures containmg 20 ml of redistilled water per gm 
of tissue The hver muxture then was diluted further by pipettmg 1 ml mto 
a 100 ml volumetric flask containmg 10 ml of sodium barbital buffer^ of 
pH 9 2 and makmg to volume with redistilled w ater The mtestme sample 
was diluted by addmg 9 ml of water to 1 ml of the stock mixture The 
kidney tissue was prepared m only one dilution of 40 ml of water per gm 
of tissue 1 ml of the final dilutions was used for each enzyme deter- 
mmation 

Argina^e Delermnation — ^The argmase activity was determmed by a mod- 
ified combmation of the Edlbacher and Rothler (15) and the Lightbody (14) 
methods The entire procedure was earned out m a 25 X 200 mm test- 
tube The substrate was the same as that used by Lightbody (14) except 
that it was set at pH 9 2 The incubation was earned on for 6 hours m a 
water bath at 37° The reaction was ended by the addition of 1 ml of 0 3 
N hydrochlonc acid, w hich lowered the pH of the mixture to 7, and insertion 
of the test-tube m a boiling water bath for 5 mmutes The urea formed was 
determmed by the iirease-aeration method of Van Slyke and Cullen (16) 
The amount of ammoma denved from the tissue and substrate was deter- 
mined by carrying out the above procedure without the mcubation The 
values were x eiy small, 0 05 to 0 11 ml , 0 06 to 0 12 ml , and 0 07 to 0 21 
ml of 0 02 N hydrochlonc acid for the hver, mtestme, and kidney respec- 
tively In order to determme the amount denved from the substrate alone, 
samples of the mixture were put through the complete procedure without 
the addition of the tissue The values ranged from 0 00 to 0 08 ml of 0 02 
N hydrochlonc acid The argmase umts were calculated from a curve 
prepared according to the procedure of Edlbacher and Eothler (15) 

• RediatiUed w ater prepared in an all glass still was used throughout the expen 
ments 

* The sodium barbital increases the activity of the argmase (It) The same effect 
was noted under the above conditions 
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Results 

Dtstnbution of Argmase~A study of the content of arginase m the several 
tissues of the mouse (Table I) indicates that the hver contains by far the 
greatest amount of the enzyme The amount of arginase m the small 
mtestme, though much less than that of the hver, is stdl qmte large The 
kidney contains relatively small amounts of the enzyme The semmal 
vesicles and prostates contam small but defimte quantities of the enzyme 
and the immature testes do not show any detectable amounts of enzyme 
The distribution m Jthe vanous tissues is m agreement with that reported 
by Edlbacher and Rothler (17) except for the amounts in the small intes- 
tine These investigators reported only small amounts m this tissue 
Effect of Steroids on Liver and Intestine Arginase — ^None of the steroids 


Tabu: I 

Arginase Content of Various Tissues of Mouse 
The values are the average from eleven mice, about 110 days of age 


Ti sue 


Argjaaic 



SUndard > 

deviation* 1 

Katio 

Liver 

untls ftr gm j 

11,200 

±2500 

100 00 

Intestine 


±85 

6 52 

Kidney 


±6 8 

0 30 

Seminal vesicles and prostate 


±0 9 

0 04 

Testes (immature) t 

! 0 1 

1 1 


0 00 


* Vz(d*)/(fV - 1) 

t Pooled testes of six nuce, 30 to 45 days old 


had any effect on the aigmase content of either the hver or mtestme when 
calculated both for the total organ and per gm of tissue There n ere small 
differences but these changes were not statistically significant (cf the stand- 
ard deviations. Table I) ^ Therefore, the data for these tissues have been 
omitted 

Castration and Kidney Arginase — ^The amount of arginase per gm of 
tissue IS greater m the kidneys of the castrated than of the normal xmce 
The total amount of enzyme m the kidneys, however, is identical for both 
groups of animals The decrease m kidney weight as a result of castration, 
therefore, is not accompamed by a decrease m argmase activity 

* In a prelinunaty report (IS) increases in arginase activity of the Jiv er and intes- 
tine of the rat were indicated, subsequent experiments hate not supported this aug 
gestion The increase in the arginase of the kidnex , howexer, has been confirmed 
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The results after a-estradiol treatment are very mterestmg This com- 
pound produces only a small mcrease in kidney size, yet it causes a relatively 
large mcrease m argmase activity This is especially true of the mice 
treated for only 10 days The increase in enzyme activity for the kidneys 
of these nuce is more than twice that of the animals treated 30 days (Fig 1) 
and the same as that for the mice treated for 10 daj s with the more potent 
renotropic steroid, testosterone propionate The effect of a-estradiol be- 
comes of greater sigmficance when it is noted that many compounds pro- 
duce kidneys of greater size or similar size with either a smaller effect, no 
effect, or even a decrease (Tables I and II) m argmase activity 
Duration of Treatment and Argmase Activity — In order to determme 
whether the effect on argmase activity required the prolonged treatment 


Table III 

Changes tn irginase Activity of Kidneys of Castrated 1/ice Treated for 10 Days mth 
Pellets of Various Steroids 


Steroid 

1 

1 ** 

VJ 

z 

11 

2-3 

a 

•o 

2 

•Vrgioiie* 

To til 

1 Per gm 






Prr (Cffi 





ms 

ms 

untU 

di^ff 

unxls 

dlitf 








(Ml 

Testosterone 

c 

3 2 

432 

127 (100-152) 

876 

2S9 (237-364) 

490 

Methyltestosterone ! 

i 3 

1 ^ ' 

411 

112 (101-132) 


273 (248-330) 

457 

Testosterone propionate 

1 3 

1 7 

409 

59 (63- 02) 

354 

144 (139-152) 

194 

a-Estradiol 

4 


315 

45 (40- 54) 

246 

143 (120-151) 

192 

Androstanediol- 








3 («),17 (a) 

3 

IB 

349 

27 (25- 29) 

103 

79 (65-89) 

61 

Andr03tanol-17 (a) one-3 



363 

23 (16- 32) 

77 

62 (44- 36) 

27 


* The figures in parentheses indicate the range of values 
t Change from castrate \ alues The figures are the per cent of the averages 


With the steroids, experiments were run m which the mice were treated for 
only 10 days and m one instance also for 20 days The results are listed m 
Table III and are compared with the 30 day experiments m Fig 1 

All of the steroids except androstanol-17(a)-one-3 show a greater rate of 
response at the shorter penod of treatment In addition a-estradiol shows 
a greater total response at the 10 day penod than at the 30 day penod m 
spite of the fact that the kidney weights m the two periods of treatment are 
lie same This decrease m effect after the longer penod of treatment is 
probably related to the toxic properties of estrogens These mice lost 
weight 

Amount of Steroid Absorbed and Argmase Activity — There is no general 
correlation of amount of steroid absorbed with argmase activity Dehy- 
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droisoandrosterone, androstenedione-S,!?, isoandrosterone, androstane- 
dione-3,17, 17-vinyItestosteroae, and etiocholanol-3(a)-one-17 are ab- 
sorbed in greater or similar amounts to methyltestosterone and testosterone, 
yet these compounds produce either small changes or no changes m argmase 
activity of the kidneys However, when only those four compounds that 
produce maximum kidney size are considered, there seems to be a relation- 
ship between amount of steroid absorbed and mcrease m argmase activity 
Methyltestosterone and testosterone show similar values for steroid ab- 



Fig 1 Effect of steroids on kidney argmase M T , methyltestoaterone, T , 
testosterone, T P , testosterone propionate, A O , androstanol 17(a) one-3, E , 
a estradiol, A D , androstanediol-3(at), 17(a) 

sorbed, kidney weight, and argmase activity Testosterone propionate and 
17-methylandrostanediol-3(Q:),17(Q:) are absorbed m smaller amounts than 
the former compounds and also show a smaller mcrease m argmase activity ® 
Chemical Structure and Effect on Argina^e Activity — The most potent 

® The implantation of tiio pellets of testosterone propionate to provide an amount 
of material nearly equivalent to that absorbed from the testosterone pellets gave 
argmase values similar to those obtained with testosterone without an> further m 
crease m kidney size These results will be published in detail when s milar evperi 
nients have been completed with the other compounds 
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compounds are methyltestosterone and testosterone The saturation of 
the double bond m testosterone to give androstanol-17(a)-one-3 causes a 
marked decrease m the abihty of the latter compound to mcrease kidney 
argmase Conversion of the ketone group to an a-hj dro\y group as m 
androstanediol-3(a),17(a) produces a further decrease in argmase stimu- 
lating property Moreover, it must be concluded that the presence of the 
17-a-hydroxy group seems to be essential because andro3tenedione-3,17, 
androstanedione-3 , 17, and androsterone have no effect on argmase activity 
Stereoisomerism m the molecule plays an important r61e This is most 
clearly shoivn m a comparison of the effects of testosterone and its 17- 
hydroxy isomer, cistestosterone Testosterone is one of the most potent 
steroids m producing mcreased argmase activity, while cistestosterone has 
no effect The influence of the spatial arrangement of the hydroxyl groups 
IS further demonstrated by a comparison of the potencies of 17-methyl- 
androstanediol-3(a),17(a), and andro3tanediol-3(a),17(a) mth their 
3-hydroxy stereoisomers, 17-niethylandrostanediol-3(d),17(o() and andros- 
tanediol-303),17(o!) Apparently neither the 303)- nor the 1703)-h}droxy 
group nor both together favor mcreases in argmase actmty 
The addition of alkyl groups m the 17 position has % aried effects on 
argmase activity Although methyltestosterone is no more potent than 
testosterone, 17-methylandro3tanediol-3(a) , 17 (a) is about 4 tunes as potent 
as andro3tanediol-3(a) , 17 (a) The addition of the next higher alkyl group 
(ethyltestosterone) results m a complete disappearance of the arginase- 
stimulating property If a double bond is introduced into the ethyl group 
(17-vmyltestosterone), there is a partial restoration of the argmase-mcreas- 
mg property v hich disappears again when the double bond is replaced by a 
tnple bond to give 17-ethynyltestosterone Furthermoie, tlie mtroduction 
of the methyl group mto the 3, 17, or both positions, or the ethynjl group 
mto the 17 position of inactive compounds does not mcreise argmase activ 
ity In fact, 17-niethjlandrostenediol-303),17(a) and 17-methylandros 
tanediol 3 03), 17 (a) brmg about a decrease in the argmase activity 

Eslcnficalton — Both the ester and enol diester of testosterone stimulate 
much smaller mcreases m the kidney argmase than tlie uncoterified com 
pound The effect of testosterone propionate is only about 50 pei cent and 
that of testosterone acetate-3-propionate-17 about 6 per cent that of 
testosterone, and testosterone benzoate is completely ineffective These 
decreases are due, at least m part, to the decreased absorption of the 


estenfied steroids (cf foot-note 8) 

Causa of Increase in Argmase Acliiilij — Smee it was known that many 
factors enhance the activity of argmase, se\eral experiments were run to 
determine the general nature of the induced enhancement of enzyme action 
The addition of 0 5 mg of testosterone to duplicate samples of meuba ion 
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mixture resulted m no sigmficant change (—4 5 per cent) The miving m 
equal anjounts of homogemzed kidney tissue from non-treated animnls and 
animals treated ivith methyltestosterone or testosterone resulted in a simple 
summation of the respective activities (Table IV) A siTrulnr result was 
obtamed when kidney samples of mice treated with testosterone and 
a-estradiol were mixed As a further test a mixture of a non-treated and a 
testosterone-treated kidney sample was run ivithout the activator, cobaltous 
chlonde As was to be expected, there was a decrease m the activity of the 
mdividual samples, owmg to the omission of the cobaltous chlonde, but the 
mixture decreased proportionately Therefore, it must be concluded from 
the summation of activities in all of the above experiments that the mcreases 

Table IV 


Concerning Cause of Increase in Kidney Arginase Activity after Treatment with Steroids 


Treatment 

Aisinase 



Average 1 

Mixture 

1 Difference 


uttUt 

untU 

units 


Methyltestosterone 

Castrate 


5 62 

5 49 

■HI 

Testosterone 

Castrate 

4 21 

0 63 

4 84 

4 40 

-9 1 

Testosterone 

Castrate 

3 92 

0 68 

4 60 

4 20 

-8 7 

Testosterone 

Castrate 

2 81t 

0 45t 

3 26 

3 OOt 

-8 0 

Testosterone 
a Estradiol 

5 25 

1 84 

7 09 

7 13 

j +0 6 

1 


* The two samples of homogemzed kidney tissue were mixed in equal quantities 
t The same samples as for the preceding test, but no cobaltous chloride activator 
was added to the substrate 


m kidney argmase activity noted after treatment ivith the vanous steroids 
are not due to the production of an activator but to the actual production 
of more argmase 


DISCUSSION 

The mcrease in kidney arginase noted after treatment with many of the 
steroids is not for the formation of greater amounts of urea by the Krebs- 
Henseleit cycle (19, 20) The same steroids that produce the greatest 
mcreases m enzyme activity also cause a decrease m urinaiy (1-3) and blood 
urea (1-3) It is impossible at piesent, however, to state the specific pur- 
pose of the large mcreases m argmase activity It is known that the argi- 
nase in the kidney is locahzed in the proximal convoluted tubules (21) 
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Therefore, the observed enlargement of this part of the kidney after steroid 
treatment (22, 23) is probably, m part, to produce greater an^ounts of 
argmase to satisfy metabohc demands imposed upon the kidney by the 
steroids mvolved Furthermore, the lack of correlation of the mcrease in 
argmase activity ivith any of the other knoivn properties of the steroids 
mdicates that it is a separate phenomenon 

The mabihty of any of the steroids, especially those compounds that are 
known to stimulate protem anabolism, to change the hver argmase must be 
mterpreted to mean that those ammo acids which provide ammonia to be 
used m the Krebs-Henseleit cycle (19, 20) for urea formation are not affected 
by these steroids The observed protem anabohc effects must be through 
other ammo acids Furthermore, the mechanism for the protem anabohc 
property of the anterior pitmtary growth hormone must be different from 
that of the steroids, smce this factor is reported to decrease hver argmase 
(24) This does not exclude the possibility that the anterior pitmtary 
growth hormone works through the same mechanism as the androgens m 
addition to some other mechanism or mechanisms 

sxmxiABT 

Mice weighmg 16 5 to 19 5 gm were castrated, and 1 month later 14 ± 
1 mg pellets of various steroids were implanted subcutaneously Argmase 
determinations were made 10 and 30 days later None of the steroids 
affected the enzyme content of the hver or mtestme, but many of these com 
poimds markedly increased and a few decreased the argmase content of the 
kidneys The order of change m per cent difference per gm of kidney tissue 
for the 30 day experiments was as follows methyl testosterone 632, testos- 
terone 584, testosterone propionate 308, 17-methylandrostanediol-3(a)i 
17(a) 269, androstanol-17(a)-one-3 135, o-estradiol 88, androstanediol 
3 (a), 17(a) 71, 17-vmyltestosterone 55, testosteroneacetate-3-propionate-l 
35 Much greater changes were obtamed when the values were calculated 
on the basis of total tissue Eighteen other compounds had no effect an 
isoandrosterone, 17-methylandro3tenediol-303),17(a), and 17 -methylan 
drostanediol-3 03) , 17 (a) caused decreases of 33 to 39 per cent The 
were not related to changes in kidney weight or amount of material a 
sorbed 

The mcreases m argmase activity represented greater amounts of enzyme 
and not a production of argmase activators ^ 

The kidneys of the castrated mice contamed the same amount o ^ 
argmase but greater amounts per gm of tissue than did those of the no 
mice 

I wish to express my appreciation to my wife, Irene Kochakian, for her 
able assistance m this study 
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INVESTIGATIONS OE AMINO ACIDS, PEPTIDES, AND 
PROTEINS 

XVII THE DETERMINATION OF GLUTAMIC ACID IN PROTEIN 
HYDROLYSATES BY A MICROBIOLOGICAL METHOD* 

Bt max S DUNN, MERRILL N CAMIEN, LOUIS B ROCKLAND, 

S SHANKAIAN, and SAMUEL C GOLDBERG 

{From the Chemical Laboratory, University of California, Los Angeles) 
(Received for publication, June 19, 19-14) 

The microbiological determmation of argmme, isoleucme, leucme, trypto- 
phane, and vahne in the hydrolysates of casern and other proteins has been 
descnbed recently by McMahan and Snell (2), KuikeneiaZ (3), Greene and 
Black (4), and Hegsted (5) The microorganisms Lactobacillus arabinosus 
17-5 and Lactxfbacdlus casei and a turbidimetnc or titnmetnc method of 
analysis were employed It was reported that negligible amounts of iso- 
leucme, leucme, and valme were lost because of humm formation even 
m the presence of carbohydrates and that only the naturally occurrmg 
isomers of these ammo acids wei e active The values under varymg hydro- 
lytic conditions and at different levels of protem hydrolysate agreed 
closely, the recovery of ammo acids added to protem hydrolysates nas 
nearly theoretical, and the percentage of ammo acids agreed satisfactorily 
with values selected from the literature Data of comparable precision 
and accuracy have been obtained m analogous experiments performed m 
the writers’ laboratoiy ‘ It seems evident from these findmgs that ammo 
acids m protem hydrolysates may be determmed by microbiological assay 
conveniently and, for many purposes, with satisfactory accuracy 

It could have been predicted that greater difficulties uould be en- 
countered in the determmation of some ammo acids than of others m pro- 
tem hydrolysates because of the stimulatory or mhibitoiy mfluence exerted 
by ammo acids or other hydrolytic products It is of mterest m this con- 
nection that Hutchmgs and Peterson (8) have shown that histidine and 
isoleucme were inhibitory, lysme and alanme were stimulatory, and that 

* For Paper XVI in this series see Schott el al (1) This work was aided bj grants 
from the Gelatin Products Company, iMerck and Company , Inc , Schenng and Glatz, 
and the University of California The authors are indebted to William Drell, I 
M Smith, and H R Weil for technical assistance The nitrogen and phosphorus 
analyses were made by J D Murraj 

* The following percentages (corrected for moisture and ash) of ammo acids in tn o 
samples of casein, one prepared bj the present method and the other b> the Van 
Slyke and Bosworth (6) procedure, n ere reported (7) at the meeting of the -tmencan 
Cheimcal Society, Cleveland, April 6 1944 arginine 3 4, 3 4, isoleucme o 9, 6 3, 
leucme 9 1,9 1, methionine 31,3 2, tyrosine 5 2, 4 S, and valine 6 S, 7 3 
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these effects were roughly additive in respect to the growth of LacldbadUus 
casei 

Although it has been found that glutamic acid is essential for the growth 
of Lackibacillns arahinosns and Lactobacillus caset, assays of this ammo acid 
have not been satisfactory The values for the percentage of this ammo 
acid m casern obtamed mitially with Lactobacillus arabinosus 17-5 were 
very much higher than the commonly accepted figure, even though the 
standard curve was reproducible and of a type which had been shown to 
be satisfactory for the assay of glutamic acid as well as of other ammo 
acids m a simple test mixture (9) Mter mvestigation of the effect of ad- 
ditional ammo acids and different levels of components, a basal medium 
was denved with which a standard curve of mcreased slope was obtamed 
This curve yielded dependable data for glutamic acid The ongmal med- 
ium was modified by mcreasmg 10 times the levels of adenme, guanme, 
uracil, and the vitamms, and by addmg supplements of fohc acid, pro- 
hne, hydroxyprolme, senne, norlcucme, and glycme Similar observations 
have been made by jMcMahan and Snell (2) who stated that growth 
of this microorganism was heavier and antagonistic effects were minimized 
when nearly complete, rather than restncted, mixtures of ammo acids 
were used 


EXPEIUAIENTAL 

Casern was prepared by addmg 0 6 N hydrochlonc acid slowly with atu- 
rmg to a mixture of 1400 ml of skim milk^ and 9800 ml of distilled water 
contamed m a 12 liter flask The pH of the final mixture m the seven runs 
ranged from 4 75 to 4 88 and averaged 4 83 The suspension was filtered, 
and the casern was washed repeatedly by suspendmg it m distilled water 
and stirrmg the imxture The final washmgs contamed neither chlonde 
nor phosphate ion The purified casern was tnturated successively with 
95 per cent ethanol, absolute ethanol, and absolute diethyl ether The 
yield of pure white, air-dned product was 198 gm from 9800 ml of skim 
milk or 20 2 gm per hter 

This product contamed 6 21 per cent moisture,* 0 55 per cent ash, 0 59 
per cent phosphorus,* and 15 60 per cent mtrogen* (corrected for moisture 
and ash) 

* Skim milk obtained through the courtesy of the Edgemar Farms dairy from 
Holstein cows was chilled immediately and preserved in a refrigerator 

* The constant weight observed when a sample of the casein was dried at 65 m 
a partial vacuum in an Abderhalden drier was unchanged after the material was 
dried for an additional 24 hours at 103“ 

* Determined by nitric acid oxidation (10) of casein and colorimetric analysis of 
phosphate (11) The percentage of phosphorus is considered to be accurate withm 
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Silk fibroin was prepared by heating a suspension of silk waste m distilled 
water until all soluble material had been removed and the fibers attamed a 
constant dry weight This procedure, descnbed by Fischer and Skita 
(12), has been employed by nearly all workers smce earhest times * It 
seems probable that most of the sencm is removed by this treatment In 
the present experiments 100 gm of silk waste^ suspended m 1500 ml of 
distilled water were heated for 2 hours m an autoclave at about 120° The 
dark gray hquid was decanted, and the fibers were washed thoroughly with 
distilled water After this process was repeated four tunes, the yield of 
fibers dried at 55° was 71 7 gm This weight was unchanged by an addi- 
tional treatment Fischer and Skita (12) found 68 5 per cent of fibrom 



Fig 1 Standard curve for the assay of f(-f )-glutamic acid with Lactobacillus 
arabinosus 17-5 The curve shown was derived from a tnphcate assay Maxunum 
variations in the titration values are denoted by the diameter of the circles 

m Silk, but Vignon (14) reported that different silks contamed from 70 1 
to 82 per cent of fibrom 

±10 per cent, since recoveries averaging 109 and 92 per cent, respectively, were ob- 
tained with mixtures containing approximately 100 and 165 mg of casein and quanti- 
ties of c p KHjPOi equivalent to 0 3 and 0 6 mg of phosphorus Van Slyke and 
Bosworth (6) found 0 71 per cent of phosphorus in casein, but they did not report the 
accuracy of this value 

* Determined by semimicro-Kjeldahl procedure Approximately 92, 54, and 109 
mg samples of casein were digested for 20 hours with 5 ml of concentrated sulfunc 
acid solution containing 0 5 gm of powdered selenium, 250 gm of IxHSOi, and 5 
gm of anhydrous CuSO, per liter The uncorrected values were 14 50, 14 44. 14 54 
per cent nitrogen 

* The older literature has been reviewed by Shelton and Johnson (13) 

^ Italian frisons in the gum obtained from Cheney Brothers Manufacturers, South 
Manchester, Connecticut 
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Table I 

Basal Medium for Assay of Glutamic Aad with Lactobacillus arabinosus 17-S 
The hydrochloric acid solutions of the ammo acids, purines, and pynnudine were 
imxed, about 200 ml of distilled water were added, and the indicated quantities 
of dextrose and sodium acetate were dissolved in this solution 5 ml each of the 
vitamin solution, the folic acid solution, and Salts A and B were added The final 
soLution was neutralized to pH 6 8 with sodium hydroxide, diluted to 500 ml , and, 
if not utilized immediately, preserved overnight in the refrigerator 




mt 




Ammo 

l(~) Tyrosine 

20 

Dextrose 


10 0 

acids* * * § 

dl Serine 

50 

Sodium 


6 0 


f(— ) Tryptophane 

50 

acetate 




l(,A-) Arginine monohydro- 

50 





chloride 






1(— ) Histidine monohy 

50 





drocblondc monoh>drate 



at 


dl Methionine 

100 

Salts At 

IvHjPO. 

500 


H~) Cystine 

100 


KjHPO. 

500 


dl Phenylalanine 

100 





Glycine 

100 





f(— )-Prolino 

100 





f(— ) Hydrox>proline 

100 

Salts B§ 

MgSO, 7H,0 

200 


dl Norleucino 

100 


Fc,(SO.), 6H,0 

10 


dl Threonine 

200 


MnSOi 4H 0 

10 


J(— ) Leucine 

200 





dl Isolcucinc 

200 





dl Valine 

200 





dl Lysine nionohjdro 

200 

Vitaminsil 

Thiamine hy 

1 0 


chloride 



drochlonde 



dl Alanine 

200 


Pjridoxine 

1 6 


Asparagine, natural 

400 


dl Calcium 

2 0 





pantothenate 


Punnes 




Riboflavin 

2 0 

and pyr 




Niacin 

2 0 

imidinef 

Adenine sulfate 

100 


Biotin 

0 005 


Guanine hydrochloride 

100 


p Vminobenzoic 

0 100 


Uracil 

100 

1 

1 

acid 






Folic acidH 

0 004 








* The quantities of amino acids indicated were dissolved in about 75 ml of 2 N 
hydrochloric acid 

t The quantities indicated w ere dissolved in about 20 ml of 2 x hydrochloric acid 

t A stock solution was prepared containing 10 0 gm of each salt per 100 ml ofdis 
tilled water 

§ A stock solution w as prepared containing 10 0 gm of MgSOi 7H,0, 0 50 gm o 
Fe:(SOi)i 6H,0,andO 50gm of MnSOi 411,0 per 250 ml of N hydrochloric acid 
11 A stock solution was prepared containing 60 mg of thiamine hydrochloride, 80 
mg of pyndoxine, 100 mg o!dl calcium pantothenate, 100 mg of riboflavin, 100 mg \ 
of niacin, 5 mg of p aminobenzoic acid, and 53 ml of a 60 per cent ethanol solution 






Tablb 1— Concluded 

containing 487 per ml of crystalline biotin per 250 ml of 50 per cent ethanol The 
pH of this solution was 3 

U Prepared from liver powder 1 20, obtamed from The Wilson Laboratories, by 
norit adsorption and elution according to the procedure of Hutchings el al (61) 
The solution contained 0 77 7 of folio acid per ml 

Tabbe II 

Results of Assay of Glutamic Acid in Casein Hydrolysate 


Five nuxtures each contaimng 0 500 gm of casein and 2 6 ml of 8 n hydrochloric 
acid B ere refluxed simultaneously for 43J hours in the same heating bath 


CiseiQ per tube 

Titratloa volume of 

0 108 K NaOH per tube 

Glutamic acid* found 

1 

Per tube | 

Casein 

7 

ml 

7 


per cent 

100 

1 05 

20 

6 

20 6 

100 

0 97 

19 

2 

19 2 

200 

2 45 

42 

9 

21 5 

200 

2 46 

43 

0 

21 5 

300 

3 75 

64 

7 

21 6 

300 

3 79 

65 

3 

21 8 

400 

4 73 

83 

5 

20 9 

400 

5 08 

90 

6 

22 6 

500 

5 84 

108 

0 

21 6 

500 

5 98 

111 

5 

22 3 


• The average mean deviation from the mean of the values at different levels was 
0 56 or 2 7 per cent The percentages of glutamic acid found in the five samples of 
casein b ere 20 4, 21 2, 21 3, 21 4, and 21 1 The average percentage is 21 1 for the five 
samples and 21 25 for the last four All percentages are uncorrected for moisture 
and ash The uncorrected percentages of glutamic acid found in preliminary experi 
ments after the refluxing times in hours (shown in the parentheses) were 15 5 (J), 
20 1 (14), 22 9 (14), 23 2 (14). 19 9 (16), and 23 6 (16) 


Table III 

Results of Assay of Glutamic Acid in SilK Fibroin Hydrolysate 



Titration volume 


Glutamic acid* found 

Silk fibroin per tube 

of 0 0633 N NaOH 

i 




per 

tube 

1 Per tube 

Silk fibroin 

7 

ml 

7 


per cent 

1250 

3 

62 

26 

0 

2 08 

1250 

3 

49 

24 

9 

1 99 

2500 

6 

29 

51 

0 

2 04 

2500 

6 

02 

48 

4 

1 94 

3750 

8 

25 

74 

6 

1 99 

3750 

8 

28 

75 

0 

2 00 

5000 

9 

97 

101 

2 

2 02 

5000 

10 

25 

106 

9 

2 14 


* The average? value for glutamic acid in silk fibroin b as 2 03 ± 0 05 per cen , un 
corrected, and 2 16 per cent, corrected for moisture and ash The average mean 
deviation from the mean of the experimental values is 0 018 or2 34 per cent 
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Table IV 


Composition of Ammo Acid Test Mtxlure Simulating That of Casein 



Amount Uk 
mixture 


Natural form in 

AmlfiO aad 

Mixture 

Toul natural 
form in 
muture 

Casein 

(literature) 

df-Alamne 

mi 

20 4 

Per cent 

0 93 

per cent 

1 34 

per cent 

1 9 (18) 

Z(+)-Argimne monohjdro- 
chlonde 

44 6 

2 60 

3 77 

3 72 (19) 

Asparagine, natural 

59 4 

4 19 

6 01 

5 95* (20) 

f(— ) Cystine 


0 28 

0 40 

0 30 (21) 

i(-l-)-Glutaraic acid 


15 5 

22 4 

22 0 (22) 

Glycine 

msM 

0 31 

0 45 

0 45 (18) 

Z(— ) Histidine monohjdro 
chlonde monohydrate 

33 9 

1 77 

2 56 

2 50 (23) 

Z(— ) Hydroxj proline 

2 1 

0 15 

0 21 

0 23 (23) 

dl Isoleucine 

126 3 

4 46 

6 45 

6 0 (3) 

f(— ) Leucine 

92 2 

6 50 

9 39 

9 3 (3) 

dl Lysine monohjdro 

chlonde 

151 4 

4 36 

6 31 

6 23 (24) 

dl Methionine 

66 5 

2 34 

3 39 

2 87 (25) 

dl Phenylalamne 

7S 6 

2 77 

4 00 

5 8 (26) 

Z(— ) Proline 

S2 8 

5 84 

8 44 

8 7 (27) 

dl Serine 

100 6 

3 54 

5 12 

5 0 (23) 

dl Threonine 

69 4 

2 45 

3 54 

3 5 (29) 

i(— ) Tryptophane 

14 9 

1 05 

1 52 

1 15 (4) 

Z(— )-Tyrosine 

53 S 

3 79 

5 47 

5 36 (30) 

df-Valine 

153 4 

5 57 

8 05 

6 7 (2) 

Ammonium chlonde 

25 0 

0 69t 

0 99t 

1 61t (23) 

Total 

1417 7 

69 1 

99 81 

99 29 


• Aspartic acid 
■f Calculated aa NH, 


The product contamed 5 68 per cent moisture,® 0 25 per cent ash, and 
18 7 per cent nitrogen® (corrected for moisture and ash) The specific 
rotation’® in 12 \ hjdrochlonc acid was —50 45° 


• Sample dried to constant weight at Go" in an \bderhalden drier 
’ Determined by digesting nine S5 to 225 mg samples of silk fibroin for 18 hours 
with the same sulfuric acid solution that was employed with casein The uncor- 
rected values were 17 61 17 bS 17 07 17 55,17 frl.l7 67,17 53,17 54.andl7 62percent 
nitrogen 

A. sample of 0 3S96 gm of fibroin was dissolved in 140 ml of 12 03 N hjdrochlonc 
acid, the mixture was filtered alter about 10 minutes, and the rotation of the clear 
violet colored solution was measured in sodium light at 23° after about 55 minutes 
The specific rotation was —50 45° Values ranging from —39 40° to —50 00° deter- 
mined essentially under the same conditions were reported bj Vignon (14, 15) for 
different silks, and Hams and Johnson (16) found —43 9S° 
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Table V 

Results of Assay of Olutarmc Acid in Amino Acid Test Mixture 


1 

Ammo aud mixture 1 

Titration volume of 

Glutazzuc aad* 



Found per tube 

Found 

y 

ml 

y 

Per cent 

141 77 * 

1 12 

21 3 

15 0 

141 77 

1 09 

21 0 

14 9 

283 54 

2 52 

44 0 

15 5 

283 54 

2 59 

45 0 

15 9 

425 31 

3 94 

68 1 

16 0 

425 31 

3 96 

68 6 

16 1 

567 08 

5 18 

92 8 

16 4 

567 08 

5 14 

91 8 

16 2 

708 85 : 

6 12 

115 3 

16 3 

708 85 

6 14 

116 0 

16 4 


* The average value for glutamic acid found was 15 87 ± 0 4 per' cent, and the 
average mean deviation from the mean of the experimental values was 0 62 or 2 76 
per cent The average value found is 102 3 per cent of 15 52, the percentage of glu- 
tamic acid present in the mixture The values IS 9 and 15 9 were found for glutamic 
acid in the ammo acid mixture after intervals of 7 and 31 days, respectively There 
was no apparent change in such a mixture made up in 3 n hydrocMonc acid and stored 
m the refngerator for 1 month 


Table VI 

Recovery of Glutamic Amd from Protein Bydrolysates 


Frotem hydrolysate 

1 Glutamic aad 

Added i 

per ml 

Found 

permL 

1 Present from 
hydrolysate 
per jsl 

Recovered 


y 

y 

y 

y 

per cent 

Casein 

10 0* 

19 98t 

9 97 

10 01 

100 1 

Silk fibroin 

11 25t 1 

23 85 

12 7 

11 1 

99 7 


• 20 0, 30 0, 40 0, and 50 0 r of glutamic acid per tube were added in duplicate 
to a hyiolysate containing 100 0, 160 0, 200 0, and 250 0 7 of casein per tube 

t The glutamic acid found ranged from 40 0 to 100 0 7 per tube and 19 0 to 20 6 7 
per ml 

1 11 25, 22 50, 33 75, 45 00, and 56 25 7 of glutamic acid per tube were added in 
duplicate to a hydrolysate contaimng 625, 1250, 1875, 2500, and 3125 7 of fibroin per 
tube 

§ The glutamic acid found ranged from 25 1 to 121 0 7 per tube and 22 2 to 25 8 7 
per ml 

The microorganism Lactobacillus arabmosus 17-5 and the assay technique 
described previously were employed The ammo acids u ere high puntj 

The suggestion of McMahan and Snell (2) that the ai,saj tubes may be coi ered 
with toweling instead of plugged with cotton a as found to be entirely satisfactorj 
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products obtained from Merck and Company i\nd from Amm o Acid Manu- 
facturers The desirabihty of usmg highly purified ammo acids is empha- 
sized by the recent report of Hegsted and Wardwell (17) that some lots of 
dMeucme contamed significant amounts of isoleucme 

The composition of the basal medium is given m Table I, and a typical 
standard curve is shown m Fig 1 The results of the assay of glutamic 
acid in casern hydrolysates, silk fibrom hydrolysates, and an ammo acid 
test mixture of a composition simulatmg that of casern are shovra m Tables 
11 to VI 

DISCUSSION 

It would appear from the experimental evidence presented that data 
of relatively high precision are attamable m the assay of glutamic acid 
m the acid hydrolysates of casern and silk fibrom Because of the wide 
difference m the ammo acid composition of these protems, it seems prob- 
able that the procedure described may be applied as satisfactorily to the 
assay of glutanuc acid m the hydrolysates of other proteins There has 
long been urgent need for a more satisfactory method for the determmation 
of glutamic acid m view of the importance of this ammo acid, both m 
plants and animals, and the mconvenience or maccuracy of classical pro- 
cedures “ 

u Glutamic acid haa been commonly determined by isolation aa ita hydrochloride 
This procedure, devised by Hlaamctz and Habermann (31) in 1873, was emplojed 
extensively by Osborne and many other workers as a preliminary step in the deter 
imnation of ammo acids by the cater method In 1914, Foreman (32) pointed out 
that it IS more difficult to isolate glutamic acid from some protein hydrolysates than 
from others and that the percentages reported previously for this ammo acid were 
unreliable Foreman found 21 77 per cent of glutamic acid m casein, based on an 
analysis of the mixture of glutamic and aspartic acids obtained from the ethanol- 
insoluble calcium salts of these ammo acids and of the ammo nitrogen before and 
after hydrolysis of the py rroUdonecarboxylic acid m the gummy residue The sample 
of Hammarsten’s casein contamed 14 08 per cent nitrogen, uncorrected, and 15 35 per 
cent, corrected for 9 03 per cent moisture In 1018, Dakin (27) obtained 20 8 (21 6, 
21 2, and 19 6) per cent of glutamic acid isolated as the analytically pure hydrochlo- 
ride from the ammo acid fraction of a casein hydrolysate not extracted by n-butyl 
alcohol Foreman’s value of 21 8 per cent glutamic acid m casein was confirmed by 
Melville (33) who boiled the hydrolysateat pH 3, extracted the pyrrolidonecarboxylic 
acid with ethyl acetate, hydrolyzed it with hydrochloric acid, and isolated the 
glutamic acid as its hydroohlondo This procedure was modified by Pucher and 
Vickery (34) for the determmation of glutamine in plant tissues bj measurmg the 
ammo jiitrogen before and after hydrolysis of the pyrrohdoneentboxyhe acid 4 
simplified pyrrolidonecarboxyhc acid-ammo nitrogen procedure has been described 
recently by Olcott (35) who found 22 0 per cent (20 5 to 24 7, range m mneteen deter- 
minations) m a sample of commercial casein containing 14 0 per cent nitrogen Since 
recalculation on the basis of 15 7 per cent nitrogen gave approximately 25 per cent 
glutamic acid, it was suggested that this figure may have been too high, perhaps M 
much as 10 per cent, because of intrinsic errors which would tend to increase the 
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The value 22 00 repoited m 1943 by Chibnall and coworkers (22) as the 
percentage of glutamic acid in casern is thought to be more dependable 
than any other Unfortunately, the procedure employed is tedious, tune 
consummg, and difficult If the accuracy of this figure, considered probable 
by these workers, is accepted, we may assume that the percentage of glu- 
tamic acid m casern is 22 0 ± 0 5 On this basis the figures quoted by 
Foreman (32), Dakm (27), MelviUe (33), and Macara and Phmmer (36) 
are correct withm the mdicated limit of experimental error 
It was found m the present experiments that casern contams 22 5 per cent 
of glutamic acid Because it seemed probable that this figure, the maxi- 
mum value m accord ivith the data and conclusions of Chibnall and his 
associates, is nearly the correct one, the folloivmg experiment'’ was per- 

apparent glutamic acid content In 1940, Macara and Phmmer (36) found 22 3 
(21 6 and 22 9) per cent of glutamic acid m a sample of casein dried at 105° and con- 
taining 15 08 percent nitrogen, 0 82 per cent phosphorus, and 1 10 per cent ash Glu- 
tamic acid was determined by the method of Cohen (37) The d-cyanopropionic 
acid resulting from the oxidation of glutaimc acid with chloramine-T is hydrolyzed 
to succinic acid, which is extracted with ether, dissolved in citrate buffer, and esti- 
mated by determining the oxygen uptake under the action of succinic dehydrogenase 
in a Warburg apparatus In 1943, Chibnall and coworkers (22) reported the values 
22 00 and 22 00 for the percentage of glutamic acid in two samples of casein prepared 
by the method of Cohn and Hendry (38) and containing 15 73 (15 72 to 15 75, range of 
eight determinations) per cent nitrogen corrected for 0 75 per cent ash and 10 2 per 
cent moisture These workers employed the Foreman lime-ethanol procedure, 
although they introduced numerous improvements, including a correction for the 
solubility of the calcium salts of glutamic and aspartic acids The value 22 00 
was considered to be reasonably quantitative (accurate within 2 per cent) 

Glutamic acid as ivell as other ammo acids have been isolated and determined by 
chromatographic adsorption methods in which artificial resins were used as ion ex- 
changers and activated carbon, zeolites, clays, titania gel, silica gel, and aluminum 
oxide as adsorbents, although these procedures have been applied largely to nuxtures 
of pure amino acids Wieland (39) has given a nearly complete review of the litera- 
ture on this topic In 1942, Wieland (40) found 17 0 per cent of glutamic acid isolated 
as the hydrochloride from the adsorbate on aluminum oxide of an acid hydroljsate of 
Hammarsten’s casein Quite recently the glutamic acid in the hj drolysates of three 
proteins other than casein was determined by Cannan (41), who isolated glutamic acid 
hj drochloride from the adsorbate on amberlite IR-4 resin Ixibrick (42) determined 
the glutamic acid in the same material by calculation from electrometric titration and 
fcasometric ninhydrin data It appears that these methods should give results satis- 
factory for many purposes 

Other procedures employed for the determination of glutamic acid in proteins 
other than casein include (a) titration with ammonium thiocjanate of the succinic 
acid obtained by deamination and oxidation of glutamic acid (43) and (6) the isotope 
dilution method (44) 

“ Commercial casein containing 8 35 per cent moisture 2 54 per cent ash and 
13 59 per cent nitrogen (13 57, 13 60, 13 59) uncorrected and 15 26 per cent corrected 
for moisture and ash A 450 0 gm lot of this casein (equivalent to 401 0 gni of ash- 
and moisture-free product) w as suspended in a mixture of 1800 ml of S x hj drochloric 
acid, 50 ml of concentrated nitric acid, and 5 0 gm ofFeCljOHO The suspension 
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formed to provide additional evidence on this pomt A quantity of casein 
was hydrolyzed and glutamic acid determmed All operations were earned 
out under quantitative conditions inth cahbrated apparatus Two crops 
of glutamic acid hydrochlonde were isolated, and the three filtrates were 
assayed for glutanuc acid by the microbiological procedure desenbed m the 
present paper The total amount of glutamic acid obtamed m this manner 
was 90 4 gm or 22 5 per cent of the casern calculated on an ash- 
and moisture-free basis (Table VII) 

There is reason to beheve that this value is accurate, because the in 
tnnsic errors are probably of small magnitude Only small amounts 
of f(-f)-glutamic acid are lost by adsorption on carbon dunng decolonza- 
tion (45), by conversion to humm (46) and pyrrohdonecarboxyhc acid 
(47), and by racemization (48, 49) under the observed experimental con- 
ditions The latter pomt is particularly significant, smee, as shown by the 
curves m Fig 2, less acid is produced by LaclohaciUus arabinosus 17-5 m 
the presence of dl- than of Z(-l-)-glutamic acid at the same relatively low 
concentration of these forms, while more acid is produced by dl- than by 
l(-l-)-glutamic acid at the same relatively high concentration of the two 
forms It may be mferred from these observations that the unnatural 
antipode of glutamic acid plays some essential role m the metabolism of 
this microorganism It is also evident that the microbiological procedure 
desenbed is mapphcable to solutions contammg mixtures of /(+)- and dl- 
glutamic acid 

It IS considered that the present value, 2 03 per cent, for the yield of 
glutamic acid from silk fibrom is reasonably accurate, although this as- 
sumption cannot be supported by comparison with values m the hterature 
Fischer (50) isolated 117 per cent of glutanuc acid from the fibrom pre- 
pared from the silk of a species of large spider from Madagascar, but it 
appears from the hterature'* that only from 0 to 3 per cent of glutamic 

was heated on a boiling w ater bath for IJ hours and then refluved for 8 hours The 
hiunin (5 8 gm , dry w eight) was removed, the solution u as decolorized with nuchar 
XXX, and 2 crops of giutamic acid hydrochloride were isolated, purified, and an- 
alyzed The three filtrates were assayed for glutamic acid by the microbiological 
procedure described The total weight of decolorizing carbon used was 65 5 gm and 
the dry, residual carbon recovered was 75 1 gm The 9 6 gm of material adsorbed 
represented 2 I per cent of the original casin The results of this experiment are 
summanzed in Table VII 

“ According to Abderhalden and other workers the fibroin derived from the silk 
of silkworms grown in various localities contains the following percentages of glu- 
tamic acid New Chwang 1 7 (51), Niet ngO tsam 3 0 (52), Schantung-Tussah 1 
(53), Bengal trace (M), Canton 0 (65), Grbge Tussah 1 0 {56) , Antheraca pernyi trace 
(57), Antheraea yamamai 0 6 (57), Caligula ]aponica trace (57), Cheefoo 2 0 (K, 5 ), 
and Tai Tsao Tsam 2 0 (45) The probable accuracy of these values cannot be es i 
mated from the experimental data reported 
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acid has been found in the fibroin from the silkworm It has been empha- 
sized by Sab et al (60) that the ammo acid content of silk fibrom may vary 

Table VII 


Resulia of Experiment on Isolation and Assay of Glutamic Acid in Casein Hydrolysate 



GAMMA or GLUTAMIC ACID 

Fig 2 Curves showing acid production in terms of ml of standard base at dif- 
ferent levels of Z(-l-)-glutainio acid (circles) and dl-glutamic acid (squares) The 
curves were derived from duphcate assays Mammiim variations m the titration 
values are denoted by the diameter of the circles and squares Essentially the 
same curves were obtained in three duplicate experiments 

With the locality, climate, and season as well as with the food and species 
of the silkworm 


SUMMARV 

A method is described for the quantitative determination of )-6lu- 
tamic acid m protem hydroly^tes with Lactobacillus arabinosus 17-6 
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Satisfactonly precise assay data are given which are beheved to be accurate 
Casein and silk fibroin i\ere found to contain 22 5 and 2 03 per cent of 
glutamic acid, respectively The microbiological procedure descnbed is 
considered to be mapphcable to the assay of 2(+)-glutamic acid m solutions 
containmg a nuxture of i(+)- and d/-glutamic acids It is suggested that 
the unnatural antipode of glutamic acid may play some essential idle m the 
metabolism of the microorganism Lactobacillus arabinosus 17-5 
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photochemical destruction of riboflavin in milk 
PHO iuoHii. ^ during processing 

By JOHN A ZIEGLER and NORMAN B KEEVIL 

(From the Department of Pathologtcal Chemrstry, Banttng Deparlmenl 

(tram Umiere.ty of Toronto. Toronto. Canada) 

(Received for publication, June 30, 1944) 

It Las been adequately demonstrat^ tbat tbe nbofla^ Mo^e? 
rapidly destroyed upon exposure to direct sunhght (1, ) » 

increased temperature favors an mcreased destruction of 3^ 

SmcTit IS customary, during commercial processmg of milk, to cai^ aut 

5; may be exposed to light m the plant and therefore subject 

nbofevm toction. the loss of the vitamm durmg this treatment has 

milk, obtamed before and after pasteurization, w^e 

sHr 

check the .cccccy of the tcctowe Kccovc„» 

...t^tcpHes 

bi “irLbfppto iv.» tbc v*ee obtocd p. ftc 

actual assays to give the r^lte ^ ^ ^ destruction of 

Ultraviolet irradiation has been sho othera Smce 

nboflavm,! some spectral regions bemg D-ennched milk,” 

irradiation is employed m the preparation o nboflavm was de- 

it was decided to determme how much, if any, of the nboua 

stroyed m this part of milk processmg and after irradiation 

ALtosly, e^ple. of m™. bl. U 

and assayed for riboflavin as described „onditions of hghtmg m the 

A determination was also made ^ d,irma the botthng opera- 

plant to learn whether nboflavm was des roy ^ and agam just 

Ln Samples of milk were tahen just 
before dehvery to the consumer An average ot seven 

r Ziegler, J A , unpubbshed work 
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indicated that between 3 and 5 per cent of the vitanun Bj was destroyed 
m this manner 


Table I 

Dcslruclion of Vitamin BjdunngPaateumalion 


Experiment No 

Pasteurization 

Riboflavin 

Destruction 

1 

Before 

Y fer w/ 

2 07 

Ptr uni 


After 

1 SO 

10 1 

2 

Before 

2 05 



After 

1 85 

9 7 

3 

Before 

1 97 



After 

1 79 

9 1 

4 

Before 

2 10 



After 

1 75 

16 6 


* All samples ncro assajed in triplicate 


Table II 

Destruction of Riboflavin during Vitamin D Enrichment 


Experimeot No 

Sample* 

Riboflavin ! 

Deatxuction 

1 

Before 

y per mi 

1 SO 

per ctni 


Vitamin D enriched 

1 75 

5 1 

2 

Before 

1 85 



Vitamin D enriched 

1 70 

8 3 

3 

Before 

1 92 



Vitamin D enriched 

1 78 

7 2 


* All samples were assayed in triplicate 


SUMMARI 

The nboflavm in milk was found to be destroyed to the extent of 9 to 16 
per cent durmg pasteunzation, from 5 to 8 per cent during vitainin D 
ennehment by irradiation, and from 3 to 5 per cent durmg bottimg and 
brief storage precedmg delivery It has previously been shown (2) that up 
to 66 per cent of the riboflavin is destroyed if milk is exposed for 2 hours to 
direct sunlight 


BIBLIOGRAPHY 

1 Peterson, \V J , Haig, F M , and Shaw, AO,/ Am Chem Soc , 66, 662 (1914) 

2 Ziegler, J A ,J Am Chem Soc ,68,1039(1944) 

3 Williams, It It and Cheldelin, V H , Science, 96, 22 (1942) 

4 Snell, r n , and Strong, F M , Ind and Eng Chem , Anal Ed , 11, 346 (1939) 
















STEROIDS 

VI THE STRUCTURE OF PRBGNANBDIOL GLUCURONIDE FROM HUMAN 
PREGNANCY URINE 

BtR D H heard, M M HOFFMAN, and G E MACK 

(From the Department of Bwchemietrrj. Dalhouete University HahJ^.omdthe McGill 
University Clinic, Royal Victoria Hospital, Montreal, Canada) 

(Received for publication, July 8, 1944) 

In 1936 Odell and Marnan (1) established that pregnane-3(a).20(a)-diol 
(IV) the chief urinary transformation product in man of the corpus utei^ 
hormone progesterone,' is excreted as a water-soluble, ^‘=>d-hy‘irolyzabk 
complex which Venning and Broivne (2) later in that ^ Rom 

human pregnancy unne as the sodium salt of a conjugate of the ^lol wth 
1 mole of a uromc acid, presumably glucuromc acid ^^u^her 
of structure is now provided from a study of the degradation of the natural 
ester, which proves that the uromc acid is coupled to the 3-hydroxyl group 

of the steroid moiety ^ , , , , .. 

To ascertain the position of conjugation, it was t° 

free hydroxyl group of the pregnanediol uromde by o^dation to the ketone 
or by Letylation, and then to identify the corresponding pregnanolone o 
pregnanediol monoacetate ansing on cleavage of t^^® ^ , 

LSc acid residue The oxidative approach proved to b® aborhve tr^a^ 
ment of the ester with chiomic anhydnde at room t®n’P®>'‘^ture gave a mnx 
tore from which no crystalhne material could be separated ®>tber directlj 
or after acid or alkahne hydrolysis On acetylation, however ^ ethe^r^ 
soluble crystalhne polyacetate was obtained in 85 per c ^ 
observed c„bo». hydrogen, .nd noetyl content end the moleco^n »«gh 
clearly mdrc.ted the „ttod„ct,o» o( three .cetyl ^ 

1 mole ot water That l.ctomcat.on also took place 
Metre anhydnde was revealed by the analytical values, the 
the substance m cold aqueous alk.L, and the 

salt on heating Accordingly the product is assigned the tn.cetato lacton 
structure (II) 

1 Since the completion of ^hismveatigation. the^^rt synthesis o 
romde of pregnanediol (I) has been achieved grateful to Dr 

estabUshed by Huebner, Overman, and Uii^ 1 J manuscript of this communi- 
Huebner for providing, in advance of publica > > positivelj esUbbshes 

cation which confirms the present deductions an , > gg^mtion of the 

the carbohydrate component as d glucuromc acid and the 3 con gu 

glucosidic linkage 
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Conditions were then sought (Table I) which would effect maxunum 
hydrolysis of the glycosidic hnkage of (II) with niinimum cleavage of the 
acetyl group marking the free alcoholic function of the steroid In each 
experiment, the neutral ether-soluble products of hydrolysis were separated 
by chromatographic analysis To serve as a model, a mixture of pregnane- 


CH, 

1 

H— C OH 



H— C 

I 

H— C— OH 

1 

HO— C— H O 

I 

H— C— OH 

1 

H— C 

I 

COONa CH, 

1 

H— C OH 



(IV) 


CH, 

I 

H— C OAc 


\ 

H— C- 


H— C— OAo 

I 

C— II 0 


o 


H— C— OAo 

I 

H— C 


-CO 



(II) 


CH. 

I 

H— C- OAo 



(III) 


diol, its diacetate, and two monoacetates was first prepared as descnbed by 
Hirschmann (4) and fractionated chromatographicallj The diacetate, 
m p 180-181°, was eluted vnth mixtures of benzene and petroleum ether 
contaimng up to 20 per cent of benzene, the 3-monoacetate, m p 155-159 , 
with benzene (20 to 60 per cent)-petroleum ether, the 20-monoaeetate, 
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mp 173-174°, with benzene (>70 per cent)-petroleuin ether, absolute 
benzene, and acetone (10 per cent)-benzene, and pregnanediol, m p 238- 
240°, mth acetone (>10 per cent)-benzene The fractions separated from 
the chromatograms of the hydrolysates of (II) are hsted in Table I as 
(a) early eluates, eluted with benzene (up to 85 per cent)-petroleum ether, 
(&) pregnanediol 20-monoacetate, eluted with benzene (>70 per cent)- 
petroleum ether, absolute benzene, and acetone (5 per cent)-benzene, 
(c) middle eluates, eluted ivith acetone (5 to 10 per cent)-benzene, which 
compnsed mixtures of the 20-monoacetate and pregnanediol, (d) pregnane- 
diol, eluted with acetone (10 to 30 per cent)-benzene, and finally (e) late 
eluates, separated with acetone (>30 per cent)'benzene The neghgible 


Table I 

Actd Hydrulysia of Acelylated Pregnanediol Qlucurontde 


Eipen 

meat 

No 


Hydrolysu 

Neutral fractioa after bydrolysia 

TnAcetate 

l&ctone 

forl^ 
hrs m 
ethaaolic 
HCl 

Weight 

before 

adsofp* 

tton 

Chromatographic separaUoa 


Early 

eluatei 

Pregnanediol 

20-monoacetate 

Middle 

eluates 

Pregnanediol 




m/ 

if 

mg 


mg 

per ctnt 
yuid* 

mg 

mg 

per cent 
yie!d* 

mg 

mg 

1 

150 

EH 

68 6 

4 3 

34 1 

38 

1 8 

13 5 

17 

7 4 

61 1 

2 

163 

EO 

97 8 


41 4 

42 

0 

17 2 

t3 

11 4 

72 0 

3 

300 

EIB 


19 9 

24 9 

14 

0 

13 6 

8 

ICQ 

68 7 

4 

600 



2 4 

60 4 

14 

28 4 

184 8 

61 

4 8 

270 8 


Pregiune 

diol 

20 moiio> 
acetate 

1 










5 

43 6 

m 

37 4 

2 5 

20 7 

55 

2 5 


28 

1 1 

37 8 


* Calculated aa per cent of theory from the tnacetate lactone (Expenments 1 
to 4) 


quantity of material obtained in the early eluates, nhich from the model 
should contam any 3-monoacetate, could not be mduced to ciystalhz? 
Obtained only were pregnanediol 20-monoacetate (III), identified by mix- 
ture melting point determination and by oxidation to pregnan-20-ol-3-one 
acetate, and a smaller amount of pregnanediol (IV), which anses on further 
hydrolysis of (III), as demonstrated by its production from the 20-mono- 
acetate by the same acid treatment (Experiment 5, Table I) Optimum 
partial hydrolysis of (II) was reahz^ on refluxing 1 5 hours in 0 05 n 
ethanohc hydrochloric acid (Experiments 1 and 2) which gave about 
40 per cent of the monoacetate (III) and about 15 per cent of the diol (IV ) 
With stronger acid (Experiment 4), hydrolysis proceeded more nearlj to 
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completion to yield 61 per cent of (IV) and only 14 per cent of (III) Under 
milder conditions (E\penment 3) hydroi%sis ^\as ^cry incomplete (respec- 
tively only 14 and 8 per cent of (III) and (IV)) and the bulk of the material 
(66 per cent) remained uneluted from the alumina, owing to the tenacious 
adsorptive properties of the unhydrolyzed uronic acid residue 

Thus the absence of the 3-monoacetate and the presence of large amounts 
of the 20 -raonoacetatc m the hydrolysate of the acetylated natural ester 
clearly estabhsh the conjugation between the 3-hydro\yl group of preg- 
nanediol and the glucosidic hy dro\yl of the uronic acid 

i-XPEIUMENTin 

Melting points were taken with the Fisher-Johns micro apparatus, the 
recoidcd values are uncorrectcd 

Tnacelate Lactone of Prcgnancdtol Glucwomde (II) — Sodium pregnane- 
diol glucuromde ((I) 1 5 gm )" dissolved in acetic anhydnde (150 ml ) with 
gentle warming was allowed to stand at room temperature for 48 hours, 
when the solution was diluted to 10 volumes and thnce evtracted with 
ether The combined ethcical extracts were washed with x sodium hy- 
droxide solution (thice times) and watei (fi\c times) and taken todrjmess 
(1 287 gm ) Ihc melting points of the products of several acctvlations 
ranged, aftei one crystallization from aqueous ethanol, from Oo-llO’ to 
110-117° Foi anahsis a sample was twice recry stallized (m p 123-125°) 
and dned o\ er P 3 O 4 at 65° and 0 1 mm for 3 hours 

Anahjses-C ,11,, C,ll O, (OCOCH,), 

Calculated C 05 00,11 8 02 mol wt (Rost) 001, acot> I value 21 3 
Found " 05 21,' 8 31, " " “ 010, “ “ 2178 

“ “05 10, “813, “ “ " 031, “ “ 220c 

From cold ethanolic potassium hydroxide (10 per cent) solution the 
product was precipitated on addition of water xUtei it was refluxed 
(2 hours) in ethanolic potassium hydroxide (10 jier cent) solution, a soluble 
salt was formed, as evidenced by the failuie to obtain a precipitate on 
dilution 

Separation of Prcgnancdtol and Acetates of Prcgnancdtol — 4 mixture of 
pregnanediol and its acetates was prepared is desenbed by' Huschmann (4) 
by' refluxing the former (1 967 gm ) for 2 liouis m glacial acetic acid After 
dilution to 10 volumes, the mixture was thnce extracted with ether and 
the combined ctheieal extracts were washed neutral with 0 1 x sodium 
hydroxide solution and vvatei When the neutral residue obtained on 
distillation of the solvent was leeched with five portions of hot petroleiun 
ether, 360 mg of unchanged piegnanediol remained undissolved Tins 

* For supplies of pregnanediol glucuromde wo are grateful to Dr E H Venning, 
and Ayerst, Mclvenna and Harrison, Ltd , Montreal 
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m p 173-174°, with benzene (>70 per cent)-petroleuiQ ether, absolute 
benzene, and acetone (10 per cent)-benzene, and pregnanediol, m p 238- 
240°, ivith acetone (>10 per cent)-benzene The fractions separated from 
the chromatograms of the hydrolysates of (II) are hsted in Table I as 
(a) early eluates, eluted with benzene (up to 85 per cent)-petroleum ether, 
(&) pregnanediol 20-monoacetate, eluted with benzene (>70 per cent)- 
petroleum ether, absolute benzene, and acetone (5 per cent)-benzene, 
(c) middle eluates, eluted ivith acetone (5 to 10 per cent)-benzene, which 
comprised mixtures of the 20-monoacetate and pregnanediol, (d) pregnane- 
diol, eluted with acetone (10 to 30 per cent)-benzene, and finally (e) late 
eluates, separated with acetone (>30 per cent)'benzene The neghgible 


Table I 

Actd Hydrolysis of Acetylated Pregnanediol Qlucuronide 


Ezperi 

meat 

No 


Hydroly&u 

Neutral fraction after bydrolysia 

Tnacetate 

lactone 

forM 
hrs m 
ethanolic 
HCl 

Weight 

before 

adsofp* 

tion 

Chromatographic separation 


Early 

eluates 

Pregnanediol 

20-Enonoacetate 

Middle 

eluates 

Pregnanediol 




tnt 

if 

mg 

mg 

mg 

per cmf 
yttld* 

mg 

mg 

per uni 
y!e!d* 

mg 

mg 

1 

150 

0 05 

68 6 

4 3 

34 1 

38 

1 8 

13 5 

17 

7 4 

61 1 

2 

163 

0 05 

97 8 


41 4 

42 

0 

17 2 

13 

11 4 

72 0 

3 

300 

0 01 


19 9 

24 9 

14 

0 

13 6 

8 

■CM 

68 7 

4 

600 

0 6 


2 4 

50 4 

14 

28 4 

184 8 

61 

4 8 

270 8 


Pregnane 

diol 

20 mono> 
acetate 











5 

43 6 

0 05 

37 4 

2 5 

20 7 

55 

2 5 

10 7 

28 

1 1 

37 8 


* Calculated as per cent of theory from the tnacetate lactone (Experiments 1 
to 4) 


quantity of material obtamed m the early eluates, uhich from the model 
should contam any 3-monoacetate, could not be mduced to crystalhz? 
Obtamed only were pregnanediol 20-monoacetate (III), identified by mix- 
ture melting point determination and by oxidation to pregnan-20-ol-3-one 
acetate, and a smaller amount of pregnanediol (IV), which anses on further 
hydrolysis of (III), as demonstrated by its production from the 20-mono- 
acetate by the same acid treatment (Experiment 5, Table I) Optimum 
partial hydrolysis of (II) was reahzed on refluxing 1 5 hours in 0 05 n 
ethanohc hydrochloric acid (Experiments 1 and 2) which gave about 
40 per cent of the monoacetate (III) and about 15 per cent of the diol (IV) 
With stronger acid (Experiment 4), hydrolysis proceeded more nearlj to 
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The above partition chromatogram differs from that already descnbed 
by Hirschmann (4) m that a greater concentration of the more acbve 
solvent IS required for the elution of each of the components, and propor- 
tionally more of the fully acetjlated product is obtamed 
Hydrolysis of Triacetate Lactone of Prcgnanediol Glucuromde — Of the 
several hydrolyses earned out under the different conditions set out in 
Table I, Experiment 1 only is descnbed in detail 
Crude substance (II) (150 mg ) m 005 'r ethanohe (70 per cent) hydro- 
chlonc acid solution (20 ml ) was refluxed 1 5 hours The reaction mixture 
was chilled, neutralized to pH G, freed of most of the ethanol by distillation 
tn laciio, diluted to 10 volumes, and extracted with ether (four times with 
40 ml ) After the matenal was washed with 10 per cent sodium carbonate 
solution (three times wath 30 ml ) and water (four times with 30 ml ), the 
combined etheieal extracts were dned (sodium sulfate) and evaporated 
(68 6 mg of a solid neutral fraction) Acidification of the carbonate wash- 
ings, collection of the product with ether, and remox al of the solvent yielded 
24 2 mg of acids which were not further investigated The original 
aqueous phase after extraction with ether exlubited a strongly positive 
naphthoiesorcinol test for uromc acid and reduced Benedict’s reagent 
The neutral hydrohtic products (C8 6 mg ), dissolved in benzene and 
brought almost to the point of precipitation by the addition of petroleum 
ether, were adsorbed on a column (9 5 X 1 0 cm ) of alumina (20 gni i 
E Merck, standardized according to Brockmann), which had previously 
been saturated with petroleum ether, and fractionally eluted (Table III) 
The early eluates (Fractions 5 to 20) failed to give up pregnanediol 3-niono- 
' ate on attempted crj’stalhzation Fi actions 21 to 34 jaelded 34 1 mg 
of the 20-monoacetate (III) (m p 107-172°), which, after one recrjstalhza- 
tion from aqueous ethanol, had a melting point ot 173-175° and showed no 
depression on adniLxture with authentic 20-monoacetate (m p 174-170°) 
prepared by pai tial acetylation of pregnanediol 
For fuither identification, 10 mg were oxidized (16 hours at room tem- 
perature) in 1 ml of 90 pei cent acetic acid contaimng 14 6 mg of chronuc 
anhydride The oxidation product was collected with ether and washed 
free of acids m the usual way The recrystalhzations of the neutral residue 
from aqueous ethanol gave pregnnn-20-ol-3-one acetate (2 6 mg ) melting 
at 140-144°, Butenandt et al (5) and Marker ct al (6) record a melting 
point of 144-145° (uncorrected) 

Fractions 37 to 41 (13 5 mg , m p 233-236°) gave on reciystalhzation 
from aqueous ethanol pure pregnanediol, which melted at 23S-240 an 
showed no depression of melting point on admixture with the authentic 
diol (m p 238-240°) 
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Table III 


ChTomatographic Separation of Products of Hydrolysis of i.eetylated Pregnanediol 

Glucurontde 


FiacUon 

No 

Bluest (10 ml portions) 

Eluote 

Yield 

Nature or 
meltisf 
point 

■■ 


ms 

C 


Petroleum ether 

2 5 

Oil 


Benzene (20%)-petroleum ether 

0 9 


7- 8 

“ (30%) “ “ 

0 4 

tt 

9-10 

*' (40%)- 

0 0 


11-12 

“ (50%)- 

0 5 

Oil 

13-14 

" (60%)- “ 

0 0 



“ (70%)- 

0 0 


Ikfikil 

“ (85%)- 

0 0 


wm 

“ (85%) 

1 0 

169-171 

22-30 

it 

27 5 

168-172 

31-34 

Acetone (5%) -benzene 

5 6 

167-171 

35-36 

“ (10%)- “ 

1 8 

169-180 

37-41 

“ (20%)- “ 

13 5 

233-236 

42-43 

“ (30%)- " 

0 0 


44-45 

“ (75%)- “ 

1 0 

Oil 

46-47 

4< 

4 4 

(1 

48-49 

Ethanol 

2P 

(( 

Total 

61 1 



CompouAdi isolated 


Early eluatea failed 
to crystalhze 


Pregnanediol 20- 
monoacetate 

Middle eluates 
Pregnanediol 


■Late eluates 


SUMMABT 

Acetylation of the sodium salt of pregnanediol glucuronide from human 
pregnancy urme yields a crystallme non-acidic polyacetate, the analyses 
and properties of which mdicate a triacetate lactone Hydrolysis of the 
glucosidic hnkage of the latter sets free the 20-monoacetate of pregnane- 
diol Thus it is estabhshed that, m the natural ester, the glucuronic 
acid IS conjugated with the 3-hydroxyl group of the steroid moiety 













614 


PBEGNANEMOL GLCCOHONIDE 


BIBLIOGRAPHY 

1 Odell, A D , and Marnan, G F , Btochem J , 30, 1533 (1036) 

2 Venning, E M,andBrowno, J S LjFroc Soc Exp Btol ondilfed ,34,792(1936) 

3 Huobner, C P , Ovennan, R S , and Link, K P , iT Btol Chem , 165, 815 (1944) 

4 Hirsclunann, H , J Btol Chem , 140, 797 (1941) 

5 Butenandt, A , Westphal, U , and Hohlweg, W , Z phynol Chem , 227, 84 (1934) 

Butenandt, A , and Sohmidt, JT , Ber chem Gee , 67, 1S93 (1934) 

6 Marker, E E , Kamm, O , Wittle, E L , Oakwood, T S , Lawson, E J , and 

Laucius, J F , d Am Chem Soc , 69, 2291 (1937) 



THE SYNTHESIS OF PREGNANEDIOL 3-M-GLUCURONIDE* 

Bt CHARLES FERDINAND HUEBNER, RALPH S OVERMAN, and KARL 

PATH. LINK 

(From the Department of Btocheinialry, TViaconsin AgrtcuUural Experiment Station, 
University of IVtsconain, illodison) 

(Received for publication, July 10, 1944) 

The work of hlarnan and coworkers (1, 2) and Venning and Browne (3) 
has sho4vn that certain sex hormones occur in the unne as conjugated 
uromdes A conjugate of pregnanediol was isolated by Ve nnin g and 
Browne, the uromc acid presumably being glucuromc By the identifica- 
tion of pregnanediol 20-acetate among the hydrolysis products of a preg- 
nanediol uronide “polyacetate” denved from the natural conjugate, Heaid 
and coworkers have recently shown that the carbohydrate residue is linked 
to the 3-hydroxyl group of the steroid (4) 

In this paper we report the synthesis of pregnanediol 3-/3-d-glucuromde, 
a compound which is identical with the natural pregnanediol glucuromde 
of Venmng and Browne (3) Thus by an independent method it is shown 
that the hydroxyl group in position 3 of the pregnanediol moiety is linked 
ivith carbon atom 1 of the d-glucuromc acid (pyrano ring) Veitch et al 
(5) indicated that the pregnanediol glucuromde isolated from urme was 
hydrolyzed by emulsin This fact and the method of synthesis used by us 
permit assignment of the |3 configuration to the glucuromde mth some 
confidence 

Pregnanediol 2()-acetate (6) was coupled with acetobromo-d-glucuromc 
acid methyl ester (7) in benzene in the presence of silver oxide to yield 
pregnanediol 20-acetyl-3-(tnacetyl-/3-d-glucuromde methyl ester) which on 
treatment with methanohc sodium hydroxide gave sodium piegnanediol 
3-j3-d-glucuronidate The former compound was also realized by methyla- 
tion and acetylation of the natural pregnanediol glucuromde The physical 
constants of the synthetic and natural product are m agreement 
The occurrence in nature and the synthesis of pregnanediol glucuromde 
(the steroid portion of which has an epi configuration) sustain the work of 
Linstead (8), which refutes the contention of Miescher and Fischer (9) 
that episteroids do not form glycosides 
Steroid galacturomdes have been synthesized by Sell and lank (10) and 
Shapiro (11) has prepared certain glucuromdes in the sex hormone class 

* Published with the approval of the Director of the Wisconsin Agricultural Ex- 
peninent Station and supported in part by special grants from the Graduate Research 
Committee of the Umversity, Office of Dean E B Fred, made available by the 
Wisconsin Alumni Research Foundation 
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pregnanediol glucuronide 


For control purposes m this work, we prepared stigmasterol |3-d-gIucuronide 
as the tnacetyl methyl ester and pregnanediol 3-j3-d-glucoside as "the 
tetraacetate 


E'tPEimiENTAL 

Preparalion of Pregnanediol 30-AcelylrS-{tnacetyl-^-glucuronide Methyl 
Ester) and Its Conversion to Pregnanediol S-P-d-Gluciiromde — A benzene 
solution (25 ml ) of 1 00 gm of pregnanediol 20-acetate and 1 33 gm of 
acetobromo-d-glucuromc acid methyl ester was shaken with 2 0 gm of 
silver oxide Coupling was complete in 24 hours The silver salts were 
centrifuged off, washed with benzene, and the benzene solution concen- 
trated 171 vacuo The resultmg syrup was dissolved m 10 ml of hot ethanol 
and the product was recn stallized from ethanol five times, yield 0 54 gm , 
mp 191-192“ 

Analysis — CnHjiOu Calculated C 63 7, H 8 0, OCHj 4 6 
Found " 63 2, “ 8 0, “ 4 5 

Rotation — [a]? = -t-7 5° in benzene, c = 4 per cent 

This product was converted to sodium pregnanediol 3-/3-d-glucuromdate 
by refluxing 100 mg for 3 hours in 15 ml of 0 5 v sodium hydroxide m 
methanol The solution was concentrated in vacuo The crystals that 
separated durmg the concentration were filtered and washed with a small 
volume of cold methanol, followed bj' a small volume of cold water After 
recrystalhzation from methanol, 30 mg of the sodium pregnanediol glu- 
curomdate, m p 274-275°, were reahzed The meltmg point of a nuxture 
of the natural and synthetic products was 274-275° The synthetic sodium 
salt was converted to its acid, pregnanediol 3-^-d-glucuromde, as directed 
by Venning and Browne (3), m p 178-180° A mixture of the natural 
and synthetic pregnanediol glucuromdes melted at 178-180° 

Preparation of Pregnanediol 20-Acetyl-3-(triacetyl-^-d-ghicuronide Methyl 
Ester) from Natural Pregnanediol Glucuronide — An excess of diazomethane 
was distilled mto a solution of 0 50 gm of the natural pregnanediol glucuro- 
mde in 20 ml of ethanol After standing for 2 hours, the ethanol was 
removed in vacuo and the resulting syrup refluxed wath 0 5 gm of sodium 
acetate m 10 ml of acetic anhydnde for 30 nunutes The mtxture ivas 
poured mto ice water and the acetate purified in the usual way After five 
recrystalhzations from ethanol the jaeld was 150 mg , m p 188-189° The 
melting point of a mixture of the synthetic pregnanediol 20-acetyl-3-(tnac- 
etyl-^-glucuromde methyl ester) and the corresponding product from the 
natural source was 188-191°, [ajjf’ = 4-8 0° in benzene, c = 1 per cent 
Preparation of Pregnanediol 20-Acelyl-3-(ietraacelyl-^-d-glucoside) Preg- 
naneiol 20-acetate (1 00 gm ) and aceto-d-bromoglucose (1 30 gm ) were 
dissolved in 25 ml of benzene and shaken with 2 gm of silver oxide for 
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24 hours The reaction mixture was worked up in the usual manner The 
product was recrystalhzed three times from ethanol, yield 0 36 gm , m p 
200-204° 

Analysis — CirHitOu Calculated, G 64 1, H 8 1, found, C 63 9, H 7 8 

Rotation — [oId = +6 1° m benzene, c = 1 5 per cent 

Preparation of Shgmasterol Triacetyl-fi-d-glucuromde Methyl Ester — 
0 5 gm of stigmasterol and 0 5 gm of acetobromo-d-glucuromc acid methyl 
ester were dissolved in 10 ml of benzene and shaken ivith 1 gm of silver 
oxide for 24 hours The benzene extract from the silver salts was con- 
centrated to a syrup which was dissolved in a small volume of hot acetone 
On coohng to room temperature some unchanged stigmasterol separated 
The filtrate was concentrated to dryness and the residue after two recrystal- 
lizations from ethanol yielded 0 24 gm of the desired product , m p 172-174° 

Analysis — CuHuOxo Calculated C 69 2, H 8 8, OCHi 4 3 
Found “ 69 3, “8 6, “ 4 2 

Rotation — [a]S = —52'“ in benzene, c = 1 9 per cent 

We are mdebted to Dr E H Venmng, Royal Victona Hospital, Mon- 
treal, and to Dr Gordon A Grant, Ayeist, McKenna and Harnson, Ltd , 
Montreal, for the pregnanediol glucuromde used 

It IS also a pleasure to acknowledge the cooperation of Professor R D H 
Heard, McGill Umversity, Montreal, Canada, who kindly sent us, in ad- 
vance of pubhcation, the manuscnpt deahng mth the work of his group on 
pregnanediol glucuromde 


SUMMARY 

1 The naturally occurring uromc acid conjugate of pregnanediol has 
been shown by synthesis to be pregnanediol 3-P-d-glucuromde 

2 The S 3 mthesis of pregnanediol 20-acetyl-3-(tetraacetyl-3-d-glucoside) 
and stigmasterol tnacetyl-|3-d-glucuromde methyl ester is also given 
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NUCLEIC ACIDS OF RAT LIVER AND HEPATOMA THEIR 
METABOLIC TURNOI'ER IN RELATION TO GROWTH* 

Bv AUSTIN M BRUES, MARJORIE M TRACY, and WALDO E COHN 

(From the Medical Laboratories of the Collis P Huntington Memorial Hospital of 
Hanard Unnersity at the Massachusetts General Hospital, Boston) 

(Received for publication, June 10, 1944) 

It IS well knoivn that animal and plant tissues m general contam two 
types of nucleic acid associated ivith basic protems (1) thymonucleic acid 
(deso^y^bonuclelc acid) occurrmg m the nucleus, and (2) nbonucleic acid 
(d-nbonucleic acid) found m the cytoplasm and m the nucleolus (1) 

The results of recent work suggest certam contrasts between the func- 
tions of these closely related substances Thymonucleic acid has a high 
capacity for polymerization m long chains It has been noted that the 
nucleotide umts are spaced, at the same distance as are the umts m poly- 
peptide chains (2) Its presence m highly polymenzed form m the dmdmg 
cell IS thought to facihtate the orderly sphttmg of chromosomes (3) It 
has been thought that thymonucleic acid is attached to chromosome pro- 
tems at metaphase, but it has recently been suggested (4) that it pervades 
the entire nuclear sap and that its gelation is responsible for the rmtotic 
spindle Although certam aspects of the question are controversial at 
present, both views appear to agree in givmg thymonucleic acid a pnmanly 
structural r61e m the nucleus and m suggestmg that its physical properties 
are important for cell division among higher organisms 
Ribonucleic acid is more umversally present in life than is thymonucleic 
acid, as the latter is thought to be absent from most viruses It is found 
(5) m c)rtoplasmic granules and it has been pomted out (6) that its concen- 
tration is highest m those tissues m which there is active protein synthesis 
It IS frequently and perhaps mvanably present m nuclei, although as a 
small part of the nuclear nucleic acid There is some evidence that nuclear 
thymonucleic acid is formed from cytoplasmic ribonucleotides, smce radia- 
tion of tumors results m accumulation of the latter at the expense of syn- 
thesis of the former (7) These facts suggest that ribonucleic acid may have 
a more active or dynamic part m tissue metabolism 
In a prehnunary paper (8) we demonstrated that the rate of turnover of 
thjTnonucleic acid with respect to inorgamc phosphate is dependent on the 
groa th rate of the tissue With radioactive phosphorus as a tracer, a small 
but appreciable turnover of this fraction was found to occur m normal 

* Thia 13 Publication No 593 of the Cancer Commission of Harvard Lmversit> 
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resting liver, whereas m regenerating hver a great increase in the uptake of 
phosphorus by thymonucleic acid took place and could be correlated with 
the known growth rate A different rate of turnover of ribonucleic acid 
was suggested by the relatively higher rate of phosphorus turnover m the 
total protein fraction containing both nucleic acids 
The new understanding of cytology and nucleic acid metabolism (9, 10) 
has naturally added weight to the old view that nucleic acids may be im- 
portant m regulation of growth, it has mdeed been suggested (11) that 
certam pecuhanties of mahgnant tumors depend on specific changes m the 
nucleic acid aggregations m chromatm It therefore seemed desirable to 
isolate the two nucleic acids m pure form from restmg and regeneratmg 
hver and hepatoma and to study their phosphorus turnover 

Plan of ExpcnmeiHs 

In these expenments, minimal tracer amounts of radioactive phosphorus 
(P“) have been administered parenterally to rats m the form of morgame 
phosphate Specimens of hver were later removed, nucleic acids and other 
chemical fractions of whole tissue and of isolated nuclei were then obtamed 
and analyses made for total and radioactive phosphorus The results have 
been expressed as specific activity, which is the ratio of radioactive to total 
phosphorus (miUimicrocunes of P“ per mg of P) 

Mathematical analyses of specific activity changes m expenments of this 
type have been made elsewhere* (12) and their meanmg discussed (13) 
Bnefly, mjected labeled phosphate will distnbute itself throughout the 
extracellular phosphate of the body, so that specific activity of extracellular 
phosphate will tend to reach a level Through transfer of phosphate into 
cells, the labeled phosphorus ivill become further diluted, thus decreasmg 
specific activity in the extracellular compartment 

Owmg to turnover of phosphorus between morgame and orgamc forms, 
labeled phosphorus will then appear m the vanous organic compounds, m 
exchange for their (mitially) unlabeled phosphorus Obviously, the rate 
of turnover occurrmg between any two compounds wuU be reflected in the 
rate at which their specific activities, if ongmaUy different, approach 
equality 

In the case of thymonucleic acid, its “immediate precursor” (12), * « 
the immediate source of its phosphorus, is unknown, and it is possible that a 
phosphorylation cycle may exist Observation of the rate of exchange o 
its phosphorus ivith that of known labile compounds does not, therefore, 
give evidence as to the mechanism of this exchange The stabihty of its 
phosphorus with respect to morgame phosphate, as observed m preluninary 

r Cohn, W E , and Bruea, A M , data in preparation for publication 
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work (8), might therefore be due either (a) to a very slow rate of evchange 
directly with a precursor among the known labile forms, or (&) to the exist 
ence of an unknown series of mtermediates having the net effect of retard- 
mg its formation from labile phosphorus 

The first experiment was designed to observe the rate at which specific 
activity of orgamc phosphorus compounds increased after mjection of 
labeled morgamc phosphate To avoid too high a specific activity of initial 
morgamc phosphate, or too great fluctuations m this value, the tracer was 
given m divided doses throughout the experiment 

In another experiment advantage was taken of the fact that new thy- 
monucleic acid appears to be rapidly synthesized out of more labile sub- 
stances, durmg the period of rapid growth (8) Thus it was possible by 
means of a smgle P“ myection at the height of hver regeneration to build 
new thymonucleic acid of high specific activity FoUoivmg this, when 
growth agam became essentially stationary, specific activity of morgamc 
phosphate was brought to a low' level by replacing labeled phosphate with 
unlabeled dietary phosphate This was done with the aid of parathormone 
and high phosphate mtake The atabihty of organic phosphorus com- 
pounds would then be reflected at the rate at which their specific 
activities tended to reach equilibrium with that of morgamc phosphate, m 
this case m the reverse direction 

By the two eicpenments it is possible to observe both components of 
turnover (synthesis and breakdown) Assurmng a steady state mth no net 
synthesis or breakdown, the two processes should occur at equal rates 

In a further experiment, we observed the turnover of nucleic acids m a 
tumor of hver cell ongm m a search for a possible specific anomaly of tumor 
nucleic acid metabolism In this case, a smgle mitial P“ mjection was 
made and the tumors were removed for analysis 3 days later 

EXPERIMENTAL 

Sixty-eight female rats of the Sherman stram, 6 to 9 months old, weighing 
between 180 and 250 gm , were employed m the experiments on normal and 
regeneratmg hver, divided mto seven groups Withm each group the rats 
were given identical treatment and their hvers were pooled Partial hepa- 
tectomies were performed accordmg to the method of Higgins and Anderson 
(14) In the tumor experiments, three rats, Mendel-Osbome stram, bearmg 
bilaterally transplanted hepatomas were used The tumor used was 
Hepatoma 31 obtamed from the National Cancer Institute Radioactive 
phosphorus (P’^) was mjected subcutaneously as neutral sodium phosphate 
m smgle or divided doses totahng 28 to 40 imcrocunes per rat All tissues 
to be analyzed were removed as qmckly as possible after the anima ls w ere 
sacrificed and placed m ice-cold physiological sahne, they were then blotted 
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geatly •with filter paper and n eighed Care was taken to remove all viable 
necrotic tissue from tumors before extraction 

5 volumes of ice-cold distilled water ivere added to the weighed tesues 
and the mixture homogemzed in a Wanng blendor An ahquot was pre- 
cipitated by addmg 40 per cent trichloroacetic acid to a final concentration 
of 4 7 per cent The precipitate, after separation of phospholipids, has 
been termed “total protem ” Inorgamc phosphate was precipitated from 
the supernatant by an ammomacal solution of magnesium and anunomum 
mtrates From the remamder of the aqueous extract, thymonuclac and 
nbonucleic acids were isolated as descnbed under “Methods ” Separation 
of nuclei IS also descnbed below 

Removal of hpids from all protem samples was effected by successiie 
24 hour extractions with 1 2 alcohol-ether, hot alcohol, and 1 2 alcohol- 
ether The protem samples were then dned after bemg washed with ether 
All samples were w et ashed with HNOj plus a drop of saturated MgNOj and 
dry ashed m a furnace (475-500°) overnight The ashed samples w ere trans 
ferred quantitatively to porcelam capsules and P“ determmed on a Launt- 
sen electroscope with a radium standard Phosphorus was detemuned on 
aUquots by the colonmetnc method of Fiske and Subbarow (15) Fmal re- 
sults hav e been expressed as specific actmtj (miUumcrocunes of P" per mg 
of?) 

In Group 1 (restmg hver), m order to avoid too high an imtial blood 
concentration of P”, five mjections of 3 6 microcunes were given each rat 
m the first 24 hours, two of 2 9 microcunes in the next 24 hours, and daily 
mjections of 23 microcunes thereafter In Group 2 (regenerating hi er) 
a smgle mjeetion of 36 microcunes was gii en 24 hours after partial hepatee- 
tomy, 52 hours after mjection those which were to sumve 2 weeks recaied 
0 5 per cent neutral sodium phosphate as dnnkmg water and were gnen 
daily subcutaneous injections of 5 umts of parathormone to promote excre- 
tion of phosphorus (16) These rats were mtended to mamtam a high 
specific activity only dunng the penod of rapid thymonucleic acid synthesis, 
smce it was shown m a previous study (17) that the onginal hepatic cell 
number was three-fourths restored between 24 and 96 hours after operation 

Methods 

Smce no methods were available for the separation of pure thymo- and 
nbonucleic acids from the same sample of hier, the following procedure 
was adapted from vanous pufabshed sources In this procedure, prelum- 
nary separation of nudeoproteins from an aqueous extract of tissue is 
followed by isolation and purification of the nucleic acids 

Huiskamp (18) obtamed a good separation of the two nudeoproteins J 
precipitation of thymonucleohistone with calciiun chlonde (0 1 per cent), 
but the separation appears unsatisfactory in the case of hver, and so we 
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have precipitated both nucleoproteins at 0 4 per cent calcium chlonde 
The thymonucleoprotem is first separated from the precipitate vnth either 
10 per cent or 1 m NaCI (19-2^) , then nbonucleic acid is removed from the 
protem residue by boilmg 10 per cent NaCJ, which accordmg to Joipes 
(22) does not alter the composition of the acid AlLalme hydrolysis, as 
described by Levene and Bass (23), cannot be used to obtain thymonucleic 
acid without at the same time hydrolyzmg nbonucleic acid, owing to the 
instabihty of the latter in alkaline solutions (24-27), but we have employed 
alkah m the final purification of thymonucleic acid to remove contammatmg 
nbonucleic acid It has finally been purified by Hammars ten’s procedure 
(20) Ribonucleic acid has been punfied by precipitation of the banum 
salt (22), then by precipitation of the free acid m glacial acetic acid (28) 

Preliminary Separalton — Pooled rat hvers and hepatomas (50 to 90 gm ) 
were ground to a fine brei m a Wanng blendor with 5 volumes of ice-cold 
distilled water and allowed to extract for 2 hours at 0-4° with contmuous 
stirrmg A fine white precipitate formed which settled slowly The cal- 
cium-precipitated nucleoproteins were centrifuged and washed once quickly 
with cold water 

Thymonucleic Acid — ^From the calcium precipitate, thymonucleoprotem 
was extracted with about 200 ml of cold 1 m NaCl for 12 hours The 
nuxture was then centrifuged at 3000 b p m for 1 hour (high speed centrif- 
ugation, as used by Mirsky and PoUister (19), would probably facihtate 
separation) and the opalescent supernatant siphoned off, the extraction was 
repeated The solution, on saturation with NaCl, became viscous and a 
protem precipitate formed In later preparations, we treated the calcium 
precipitate directly with saturated NaCl After at least 24 hours the com- 
bmed saturated NaCl solutions were centrifuged and the supernatant 
poured mto 2 volumes of 95 per cent alcohol The clear alcohohc solution 
was decanted and the remainder centrifuged The precipitate was dis- 
solved m water, the insoluble protem residue discarded, and the super- 
natant poured mto 2 volumes of alcohol This precipitate was white and 
stnngy and could be wound up on a wooden stick, its water solution was 
clear and highly viscous Thymonucleic acid was precipitated by addition 
of 10 per cent HCl, and the sticky precipitate was dissolved m 25 ml of 
water with the addition of an excess of 5 N NaOH, the strongly alkahne 
solution was left 2 hours at room temperature to hydrolyze nbonucleic acid 
After neutralization, the free thymonucleic acid was obtamed by Hammar- 
sten’s procedure (20) The neutralized solution (about 30 ml ) was poured 
with stirnng mto 100 ml of n/3 HCl and the mixture poured at once mto 
200 ml of n/3 HCl m 95 per cent alcohol The resultmg fine precipitate 
was washed with 70 and 95 per cent alcohol and ether and dned at 90 for 
1 hour 

Ribonucletc Acid — ^The calcium precipitate after thorough extraction with 
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1 M or saturated NaCl was washed once with water and suspended m about 
200 ml of 10 per cent NaCI The mixture was boiled for 15 minutes with 
constant stimng On centrifugation a clear supernatant was obtained 
and the residue was reextracted m the same waj The combmed super 
natants were poured mto 2 volumes of 95 per cent alcohol and a fine white 
flocculent precipitate formed at once The solution was centrifuged and 
the nbonucleic acid precipitate dissolved m w'ater to give a clear solution 
On addition of J volume of 20 per cent banum acetate (pH 6 8) a flocculent 
precipitate formed which was washed immediately with 5 per cent banum 
acetate and then with 70 per cent alcohol The banum salt w as suspended 
m25ml of ice-cold distilled water and the tube immersed m ice water 5 
N NaOH was added dropwise ivith stimng until the solution was clear, when 
it was at once poured mto 200 ml of glacial acetic acid The white floccu- 
lent precipitate was centnfuged, washed wnth 70 and 95 per cent alcohol 
and ether, and dned 

Analyses — The isolated nucleic acids weie dissolved m water with sufS 
cient added alkah for solution and analyses w ere made on ahquots Phos- 
phorus was determmed on ashed samples by the method of FisLe and Sub- 
barow (15) Nitrogen analyses were earned out by micro distillation ivith 
selenium oxychlonde and hydrogen peroxide as oxidants Thymonucleic 
acid was determined by the diphenylamme method ivith a photoelectno 
colorimeter (29), bemg read against standards of known concentration 

Separation of Nuclei — Marshak’s method was used (30) with minor 
modifications Pooled livers were mmeed witli scissors and then passed 
through an embryo extractor The pulp was suspended m 5 volumes of 
ice-cold 5 per cent citnc acid and stirred mechamcally for 1 hour The 
resultmg suspension was very fine and when filtered through two layers 
of gauze gave very httle residue After low speed centrifugation to remove 
large tissue particles, an ahquot of the suspension was precipitated by tn- 
chloroacetic acid for analyses, and the nuclei were separated from the re- 
mamder by repeated centrifugation The final product was axammed 
microscopically to determme the absence of other tissue elements, about 

2 ml , of packed nuclei were obtamed from 70 gm of hver In extractmg 
nuclei from hepatoma w'e followed the same procedure except that, because 
of the scirrhous nature of the tumor, the first citnc acid extraction was 
earned out m the Warmg blendor 

Packed nuclei were suspended m a few ml of water and divided mto two 
equal fractions One was precipitated by addmg tnchloroacetic acid and 
freed of phosphohpids (nuclear total protem) Nucleic acid was separated 
from the remamder of the nuclear suspension, when the suspension was 
diluted wuth water, a precipitate settled out which was reversibly soluble 
on neutrahzation with N NaOH, fomimg a clear gel NaCl was added to 
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the neutralized pieparation to a concentration of 10 per cent and it was 
heated m a boding water bath for 15 minutes with stirring After 
centnfugmg, the precipitate was reextracted with 10 per cent NaCl This 
precipitate nas freed of phosphohpids and dned (nuclear protein residue) 
To obtain nucleic acid, the combmed supernatants were poured mto 2 
volumes of 95 per cent alcohol, the resultmg precipitate was dissolved in 
water with addition of a few drops of n NaOH After centrifugation a 
small ‘protem residue was discarded, the clear viscous supernatant, which 
gave a strongly positive Dische test (31) for thymonucleic acid, was neu- 
trahzed and poured mto 4 volumes of alcohol mth enough NaCl added to 
cause flocculation The precipitate, after centrifugation, was washed 
thoroughly ivith 70 and 95 per cent alcohol and ether and dned (nuclear 
nucleic acid) 

Yields of Nucleic Acid from Liver — The following figures represent average 
values from two experiments mvolvmg 50 gm batches of hver 
When the aqueous extract was precipitated by tnchloroacetic acid and 
the precipitate freed of phosphohpids, this total protem preparation weighed 
153 mg per gm of net hver and contained 0 56 per cent phosphorus 
This protem should contam all of the tissue nucleic acid and has commonly 
been referred to as the “nucleoprotem” fraction 
When the aqueous extract was precipitated by 0 4 per cent CaCh, one- 
half to two-thirds of the protem came down and contamed 93 1 per cent 
of the ongmal phosphorus Of this somewhat more concentrated nucleo- 
protem, extraction mth cold 10 per cent NaCl (thymonucleic acid separa- 
tion) removed 27 2 per cent of the ongmal protem phosphorus, and boilmg 
10 per cent NaCl (nbonucleic acid separation) removed 47 3 more, leavmg 
m the residue after these extractions 18 5 per cent of the ongmal protem 
phosphorus, which u as discarded In the final purified preparations, 8 6 
per cent of the ongmal protem phosphorus \\ as represented m thymonucleic 
acid and 37 2 per cent m nbonucleic acid Thus 45 6 per cent of the protem 
phosphorus (m some expenments more than 50 per cent) appeared m the 
final purified acids The ratio of nbonucleic acid to thymonucleic acid 
phosphorus has been reported in the case of lamb hver as 3 5 1 (32) 

The procedure here outlmed appears applicable to other tissues, we have 
been able to isolate both nucleic acids from dog liver, mtestme, and kidney, 
m addition to nbonucleic acid from dog pancreas and thymonucleic acid 
from dog spleen 

Results 

Analyses of the nucleic acid preparations are given m Table I It is 
worth notmg that the N P ratios of the thymonucleic acid preparations 
approximate the theoretical value (1 70), and that our analvais of thy- 
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monucleic acid from hepatoma shows a normal nitrogen content and N P 
ratio, m contrast to the very low nitrogen values which have been reported 
for certam thymonucleic acid preparations from mahgnant tumors (33) 

N P ratios m nbonucleic acid preparations are higher m both hver and 
hepatoma Although the ratio for a tetranucleotide ribonucleic acid (yeast 
nucleic acid) is also calculated as 1 70, purified pancreas nucleic acid was 
shoivn by Levene and Jorpes (28) to give a higher value for guanine than 
yeast nucleic acid, fallmg between the values for a pentanucleotide and a 


Table I 


Analyses of Nucleic Acids from Liter and Hepatoma 



Sample 

Tissue 

Sample 

P 

N 

N P 
ratio 

Nucleic 
acid m 
sample 

Thymo- 
nucleic 
acid in 
nucleic 
acidt 

Liver 

Ribonucleic Acid 1 

tm 

68 5 

nt 

233 9 

Per cent 

7 59 

per cent 

14 1 

1 86 

per cent 

79 9 

per cent 

7 35 


“ “ 3 

74 7 

303 5 

7 35 

14 2 

1 93 

77 3 

2 16 


“ “ 5 

56 0 

259 5 

7 18 

Wlil 

1 95 

75 6 

5 57 


Thymonucleic Acid 1 

68 5 

41 7 

9 02 

15 3 

1 69 

91 3 

101 0 


“ “ 3 

74 7 

78 3 

9 19 

15 4 

1 68 

92 9 



“ “ 5 

56 0 

27 2 

8 05 

14 5 


87 6 

99 1 


Ribonucleic Acid Of 

51 0 

161 2 

7 87 

14 8 

1 88 

82 8 

1 23 


Thymonucleic Acid 0 

51 0 

42 5 

9 12 

15 5 

■■rtil 

92 3 


Hepatoma 

31 

Ribonucleic acid 

90 0 

218 0 

7 10 

14 9 

2 10 

74 5 

6 52 


Thymonucleic acid 

90 0 

55 9 

9 04 

16 0 

1 77 

91 5 

110 0 


* Calculated from the P content, assuming the true values to be 9 54 per cent for 
ribonucleic acid and 9 89 per cent for thymonucleic acid 

t Calculated by dividing the mg of thymonucleic acid determined by the Dische 
method by total nucleic acid content derived from P analysis 

t This and succeeding samples were obtained by the simplified method, i e , the 
calcium precipitate was treated directly with saturated NaCl 

hexanucleotide with an additional 1 or 2 moles of guanyhc acid, calculation 
of N P ratios from their data show correspondmgly high values (1 86 to 
1 88) Although we have not made guamne analyses, it is clear that the 
hver and hepatoma nucleic acids resemble pancreas nbonucleic acid with 
respect to their high N P ratios 

Turnover Resting Inver — ^This group comprises four sets of ten rats 
(weights 201 to 225 gm ) Table II shows the level of urinary phosphate 
specific activity from a rat m this senes, given identical treatment but kept 
in a metabolism cage Specific activities of the phosphorus in vanous frac- 
tions of these hvers and of then nuclei appear m Table III, Experiment I 
Thymonucleic acid phosphorus at 72 hours has reached a specific activity 








BRIJES, TRACY, AND COHN 


627 


11 per cent of that of the morgamc phosphate, at 192 hours it remains es- 
sentially the same, bemg at this tune 20 per cent of the (declining) morgamc 
phosphate value (Table IV) Ribonucleic acid at 72 hours has reached a 
specific activity 55 per cent that of the morgamc fraction, and throughout 
the experiments it will be seen that this is reflected m the comparable val- 
ues for total protein phosphorus, which contains mainly ribonucleic acid 
(32) Phosphohpid turnover is much higher, as is well known 
The total nuclear protem has a specific activity a httle higher than that 
of tissue thymonucleic acid, although at 72 hours this is only 15 per cent 


Table II 

Specific Activity (Mtlltmtcrocurtes per Mg ) of Urinary Phosphate over 24 Hour Periods 


Bays after miectioa 

Spcci£c activities* 

Eapeximent 1 

Expenmeal U 

1 

251 

316 

2 

162 

164 

3 

91 

123 

4- 5 

89 

92 

fr- 7 

67 

50 

8 1 

65 

42 

9-10 


29 

11-12 


26 

13-14 


21 

15-16 


21 

Total P excreted, mg 

“ P” “ miUimiCTO- 

43 6 

196 6 

cunes 

4980 

6530 


*EAperiment I, resting liver, successive injections, total P” injected, 40 micro- 
cunes Experiment II, regenerating liver, single initial injection, high phosphate 
intake and parathormone started on 4th day, total P*’ injected, 36 microcuries 


of the morgamc value This might be explamed by the presence of a httle 
ribonucleic acid m nuclei, as has been demonstrated 

It IS of mterest that m the entire senes of experiments, as shown m 
Table III, specific activities of nuclear phosphohpids equal those of total 
tissue phosphohpids Although it is possible that cytoplasmic phospho- 
hpids might be adsorbed on nuclei dunng their preparation, Stoneburg (34) 
has mdicated that special nuclear phosphohpids exist The sigmficance 
of this constant equihbnum between the nuclear and cj toplasmic hpids is 
discussed later 

Regenerating Liver — In this group are three sets of rats (weights 209 to 
232 gm ) Specific activities of unnary phosphates, as shoim m Table II, 
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were followed in order to sacrifice animals when these values had reached a 
low level, smce presumably they reflect values for tissue morgamc phos- 


Table III 

Specific Aclimties (fihlhmicrocuTxea per Mg ) of Phosphorus in Fractions of Tissue 

and of Nuclei 





Whole tissue fractions 

Nuclear fractions 

Experiment 

No 

Group 

No 

after 

iQjec 

UOQ 

Inor 

game 

phos- 

phate 

Total 

protein 

Lipid 

Ribo- 

nucleic 

acid* 

Thymo- 

nucleic 

acid 

Tout 

protein 

Nucleic 

acid 

Protein 

residue 

Lipid 

I Resting 












liver 


3 


Kli 

158 









3 

m 

57 5 




18 2 

14 8 

17 3 

117 



S 

52 4 

58 5 

75 9 

64 6 

■He 







B 



79 8 



17 1 

14 4 

13 3 

80 5 

II Regen 


B 










erat 


B 










ing 

liver 

5 


81 9 



188 0 







6 

13 

27 4 

96 4 

37 1 

86 2 







7 

16 

25 7 

82 1 

24 8 



162 

175 

178 

29 6 

III Hepa- 












toma 

31 1 

8 

3 

SO 1 


96 9 


55 1 






9 

3 

82 5 

89 2 

99 1 



02 6 

51 6 

63 7 

104 1 


* Corrected for thymonucleic acid content 

t Specific activities ha\e been corrected for the relativelj smaller dose of P” 
given, so that the values are comparable with those in Group 5 


Table IV 

Specific Actnities of Nucleic Acid Phosphorus Expressed /Is Per Cent of Inorganic 
Phosphate Specific Actnities 



Group No 

Davs after 
injection 

Ribonucleic 

acid 

Thymonucleic 

acid 

' 

Resting liver 

1 

3 

54 9 



3 

8 

123 


Regenerating liver 

5 

3 

230 



6 

13 

314 

576 

Hepatoma 

S 

3 

171 

1 64 0 


phate Comparison of Tables II and III vnll show that, m general, this 
13 the case 

The specific activities of hver fractions are shown m Table III, Expen- 
ment II Both nucleic acids are seen to have taken up a large amount o 
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P“ at the end of 3 days, so that their levels of specific activity greatly exceed 
that of inorganic phosphate 13 to 16 days after mjection, when the in- 
organic phosphate has reached a specific activity one-third of that on the 
3rd day, the phosphorus activity of thymonucleic acid remains almost un- 
changed and IS almost 6 tunes the morgamc level, while that of nbonucleic 
acid has dropped somewhat but remains 3 tunes the morgamc value As 
before, nuclear proteins resemble the pure thymonucleic acid, and the 
nuclear phospholipids have fallen as if m free exchange with the more labile 
forms of phosphorus present m cells 
Hepatoma — ^Tumors were obtamed from three rats (mean weight 353 gm ) 
sacrificed 72 hours after mjection As is seen m Table III, Experiment 
III, the specific activity of thymonucleic acid is 64 per cent of the m- 
orgamc value and the nbonucleic acid value is 171 per cent of the mor- 
ganic phosphate value Nuclear proteins agam resemble thymonucleic acid 
and nuclear phosphohpids correspond to total phosphohpids (Table III) 
Since the tumor shows less P’- uptake by thymonucleic acid than does 
regeneratmg hver, it is of mterest to compare their mitotic fates The 
mean mitotic rate of regeneratmg hver over the period from 24 to 96 hours 
after partial hepatectomy is, from previous data (35), 1 2 per cent and 
represents a 115 per cent mcrease m total number of cells A section of 
the hepatoma used m the experiment showed 0 6 per cent mitoses, allowmg 
1 hour for the duration of mitosis, this mdicates a 54 per cent mcrease m 
72 hours 


DISCUSSION 

These results confirm the earher impression (8, 36) that thymonucleic 
acid phosphorus is extremely stable m the non-growmg organ Smce, m 
the first group of experiments, we were unable to mamtam a constant ac- 
tivity of m morgamc phosphate, and smce the immediate precursor (12) 
of thymonucleic acid is not known, it is impossible to calculate the turnover 
rate Inspection of the values does reveal, however, that if the precursor 
IS morgamc phosphate the rate must be less than 11 per cent m 3 days 
(smce morgamc activity is constantly dechnmg), while if nbonucleic acid 
represents the precursor the rate cannot be much over 20 per cent m the 
same penod The failure of the phosphorus activity of thymonucleic acid 
to nse to meet that of the other measured fractions between the 3rd and 8th 
days further confirms its stabihty A part of the P“ taken up by nuclear 
fractions may therefore represent a small, very labile moiety, as suggested 
by Marshak’s observation (30) that considerable P’ appears m nuclear 
protem withm 1 hour 

The stabihty of thymonucleic acid phosphorus is agam emphasised m 
Expenment II (Table III) After thjmonucleic acid has been built mto 
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newly formed nuclei dunng growth, it then gives up its labeled phos 
phorus very slowly, so that it retams its high specific activity after the 
activities of labile forms of phosphorus have fallen to low levels This 
observation seems to rule out the possibdity that the apparent stabihty 
of the nuclear fractions m non-growmg hver is due to breakdown of nucleic 
acid by the small amount of radiation present m these experiments 
The case of tbymonucleic acid appears to be an exception to the postulate 
(37) that almost all reactions which the cell is able to cany out proceed at 
all times at rapid rates The findmgs mdicate that m the steady state 
existmg m non-growmg hver turnover of thymonucleic acid phosphorus is 
so slow that the reaction is far from completion m 1 or 2 weeks In contrast 

to this, synthesis can occur m growmg hver at a much more rapid rate 
Thus, m the groivmg organ, either the rate of formation through the usual 
pathways is greatly accelerated, or a new pathway is utilized for synthesis 
It 13 clear from the data that nbonucleic acid turnover m resting hver, 
although much slower than that of phosphobpids, greatly axceeds that of 
thymonucleic acid, and this must largely account for the high turnover of 
nucleoprotem reported by other observers (38, 39) It has been suggested 
(6) that nbonucleic acid is concerned with pro tern synthesis, which is a 
function of hver The high P” uptake by nbonucleic acid m regenerafing 
hver probably represents both sjmthesis and turnover, and its considerable 
retention of P” 2 weeks after partial hepatectomy suggests the possibihty 
that part of this fraction may be relatively stable 
The turnover rate of phosphobpids is so rapid that considerable fluctua- 
tions of tissue content can occur withm this turnover through shifts m its 
equihbnum This may well be true of other cell constituents which can be 
stored and discharged, for example proteins (37) Chargaff, Olson, and 
Partmgton (40) found that phospholipid turnover is depressed during re- 
generative growth, and suggested that this may be due to phosphorus 
mobdization for restorative tasks The present findin gs show that syn- 
thesis of the nucleic acids may be an important competmg reaction 
The remoteness of thymonucleic acid from the pool of labile cell phos- 
phorus, seen m its normally slow turnover, would appear to stabihze it 
against daily fluctuations m amount, while it can be synthesized rapidly 
dunng cell proliferation This apparently peculiar property of th 3 Tnonu- 
cleic acid formation could msure stabihty of the cell as a umt and preserva- 
tion of its genic material, and it is possible that the rate of its synthesis 
could be an important factor hmitmg the rate of tissue growth 
Hahn and Hevesy (36) have suggested that the low uptake of P’ by 
thymonucleic acid may be due to mabihty of phosphate to penetrate the 
nucleus Against this is the apparently constant equihbnum between 
phosphobpids of nucleus and cytoplasm which we observed (unless possi y 
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phosphorus enters the nucleus as phosphohpid) Although Colhp (41) 
concluded on histochemical grounds that phosphate is absent from the 
nucleus, the high concentration of phosphatases in hepatic nuclei (42) would 
seem to suggest that morgamc phosphate is present 

The low turnover of thymonucleic acid m the nucleus may be accounted 
for by assummg that it e\ists m the nucleus m highly polymerized form, as 
IS mdicated by the physical nature of the nucleoprotem evtracted by MirsLy 
and Polhster (19) Thus, although phosphatases are present m high 
concentration, there may not at any moment be any considerable amount 
of substrate (ohgo- or mononucleotides) on which they can act The evi- 
dence presented by Mitchell (7) suggests that thymonucleic acid synthesis 
may occur directly from ribonucleotides Such an mterconversion between 
ribose and desoxynbose forms might occur without sphttmg of phosphate, 
through reduction of the sugar and methylation of uracil It seems 
possible that the resultmg change m physical properties of the nucleic acid 
formed might tend to stabilize the end-product 

SUMMARY 

A method is outhned for the separation of thymonucleic and ribonucleic 
acids from small amounts of tissue Analyses of preparations from restmg 
and regeneratmg hver and hepatoma show that these ribonucleic acids 
resemble pancreas nucleic acid rather than yeast nucleic acid m their 
phosphorus and mtrogen content Thymonucleic acid from Hepatoma 31 
shows a phosphorus and mtrogen content equal to that of thymonucleic 
acid prepared from normal tissues 

The turnover of thjmionucleic acid phosphorus in non-growmg hver is 
extremely slow, m marked contrast to that of most cell constituents which 
have been mvestigated After 3 days not over 11 per cent, and after 8 
days not over 20 per cent of this fraction have exchanged radioactive 
phosphorus with tissue morgamc phosphate Durmg regenerative growth 
large amounts of radioactive phosphorus are acquired by thymonucleic acid, 
apparently due to newly synthesized material Radioactive phosphorus 
thus built mto newly formed nuclei durmg the growth period is then held 
m high concentration over at least a 2 week period, confirming the slowness 
of its turnover 

Hepatoma 31, which has a growth rate mtermediate between that of 
restmg and regeneratmg hver, shows an mtermediate rate of radioactive 
phosphorus uptake by thymonucleic acid 

Ribonucleic acid turnover in non-growing hver is considerably slower 
than that of phospholipids hut is considerably more active than that of 
thymonucleic acid 

Nuclear and cytoplasmic phosphohpids at all times appear to be in 
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equilibnum, suggesting that slow thymonucleic acid turnover is not due 
to exclusion of phosphorus from the nucleus during the restmg stage 
The unphcations of this metabohc peculiarity of thymonucleic acid 
metabolism (Ion turnover, but the potentiahty of rapid synthesis) with 
regard to cell growth and nuclear stability, and its possible mechanisms, 
are discussed 

Thanks are due to Dr Joseph C \ubandDr Fntz Lipmann for valuable 
suggestions and comments The mvestigation has been substantially 
aided by grants from the Jane Coffin Childs Memonal Fund for Medical 
Research and the Ella Sachs Plotz Foundation 
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A number of reports indicate that mild degrees of corneal vascularity are 
highly prevalent among sailors, aviators, and others exposed as a result of 
their activities to excessive sunhght, snow reflection, salt spray, blowing 
sand, and other such environmental factors (1-3) ^ Since anboflavinosis 
IS among the causes which can lead to comeal vasculanty, it has been sug- 
gested that nboflavin deficiency may be responsible for these lesions 
Furthermore, since the lesions occur in many who would be considered well 
nounshed by our present standards, it has been suggested that excessive 
exposure to strong light serves to accentuate the nboflavin requirements 
(1-3) ‘ It IS well known that nboflavin is sensitive to destruction by hght 
This sensitivity suggests the possibility that tissues, such as the cornea, 
which are exposed to hght, might at tunes undergo local riboflavm defi- 
ciencies in spite of the presence of adequate dietaiy nboflavin for the rest 
of the body These considerations would seem to justify further investiga- 
tion Furthermore, smce signs of nboflavin deficiency become apparent 
in the cornea at an early stage, it would be of value to have information on 
the concentration of nboflavin in this tissue relative to both dietary intake 
and appearance of vasculanty 

It would be difficult to prove in man whether or not such changes are due 
specifically to a local decrease in nboflavin Therefore the studies reported 
below have been made on the rat to determine (o) the influence of diflferent 
levels of nboflavin intake on the nboflavin concentration of the cornea, and 
(6) whether hght -will affect the nboflavin concentration in the cornea On 
the same animals observations have been made relative to the influence of 
hght and nboflavin concentration on the development of the typical corneal 
lesion of nboflavin deficiency These will be pubhshed in a separate papei 

Pnmanly, the cornea consists of two thin layers of hving cells and a thick, 
much less cellular layer of stroma Thus the active cytoplasm is not evenh 

* The work described in this paper was done under a contract, recommended by 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and The Public HealthResearch Institute of the City of New York, Inc 

* Kruse, H A , personal commumcation 
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distnbuted throughout the cornea but is concentrated in the two cellular 
layers Since the outer layer of cells, the corneal epithehum, is the thicker 
of the two cellular layers, it may be expected to contain the bulk of the cells 
of the cornea and hence the bulk of the substances charactenstic of hving 
cells Eiboflavin is one of these substances That the corneal epithelium 
actuallj" contains most of the corneal nboflann has been demonstrated by 
direct measurements made dunng the present imcstigation This con- 
firms a recent observation made on ov corneas by Philpot and Pme (4) 

The nboflavm content of the whole cornea would therefore be affected, 
not only by its concentration in the living epithehal cells, but by the pro- 
portion of hving cells to non-cellular or e\tracellular tissue It is conceiv- 
able that as a result of nboflavm deficiency itself, or as a result of trauma 
from hght, a change might occur m the amount of epithehal cells present 
Such a change would by itself matenally affect the nboflavm content of the 
cornea as a whole 

An attempt was therefore made to estimate the relative proportion of 
cells m the corneas examined The concentration of total phosphorus is 
30 or 40 times greater m most celts than it is in extracellular fluid or inert 
structures such as collagen fibers The phosphorus content of a tissue may 
therefore be used as an approximate index of cellulantj To this end, the 
phosphorus content of the cornea lias been measured and used m addition 
to dry weight as the quantitative basis for the analyses reported below By 
the use of a recently developed micromethod for the determination of nbo- 
' flavin in small quantities of tissue, the riboflaxnn concentration of the cor- 
eas of rats maintained for vaiying periods on vaonng levels of nboflavm 
has been determined Likewise, the analyses of single corneas from rats 
mamtained for varying penods in light of different intensities have been 
compared with controls left in the dark 

EXPEMMEOTAL 

Albino rats of the Wistar strain, 45 to 55 gni m weight at the start of the 
experiment, were used in all expenments except the ultraviolet irradiation 
studies, in this case the animals weighed 125 to 150 gm Except where 
otherwise stated, the ammals received a diet composed of vitarain-free 
casern 18 per cent, dextrose 20 per cent, corn-starch 51 per cent, peanut oil 
8 per cent, and Osborne and Mendel’s salt mixture (5) 3 per cent In 
addition, vitamin supplements were given by stomach tube three times a 
week to furmsh an average daily intake of 21 y of thiamine, 21 y of pyndox- 
me, 42 y of calcium pantothenate, and an aqueous nboflavin-free extract 
of nee polishings eqmvalent to 0 43 gm of dry nee pohshmgs The contro 
anunals received nboflavm similarly admimstered However, in studies o 
the influence of different levels of nboflavm intake on the comeal nboflavm, 
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the nboflavin was given daily Corneas were removed for analysis 16 to 
18 hours after the last dose of nboflavin 
The influence of hght on the corneal nboflavin was studied by placing rats 
in cages continuously illuminated with four 75 watt incandescent lamps 
placed about 7 inches from the center of the cage Sufficient hght reached 
the rats’ eyes to cause a mild conjunctivitis continuously throughout the 
expenments A umform temperature was maintained by rapidly circulatmg 
air Control annuals iveie maintamed in the same room but m darkness 
The more severe treatment with hght was supphed b. irradiation of the 
cornea with a mercury arc lamp (General Electnc No HB-4), a rich source 
of ultraviolet hght Anesthetized rats were given different doses of irradia^ 
tion The highest doses were severe enough to produce irreparable damage 
to the cornea The irradiated eye was held open with adhesive tape bound 
around the head The other eye was bound shut meanwhile and served as 
a control The corneas were analyzed separately for nboflavm The 
corneas were removed either immediately following the ultraviolet exposure 
or after the rats had been mamtained for different intervals in darkness or 
surrounded by four 75 watt incandescent lamps 
The procedure used for removing the cornea for chemical analysis was as 
follows The protruded eyeball was held m a hemostat clamped behmd the 
eye on the periorbital tissues, and the eyeball cut free, briefly nnsed in 
isotomc salme, hghtly dned ivith hardened filter paper, and immersed in a 
mixture of solid CO 2 and petroleum ether The cornea was then easily 
removed from the frozen eyeball by cutting close to the limbus with a 
scalpel and sheUing off the frozen comeal disc After thaiving, it was blotted 
gently with hardened filter paper and placed m the bottom of a 0 75 ml 
serological tube which had been previously weighed on a micro balance 
A number of these tubes were placed together in a larger test-tube and 
frozen-dned by (o) dipping the larger tube m a petroleum ether-solid CO 2 
mixture, (6) estabhshing a vacuum with an oil pump, and (c) removing the 
tube from the freezing mixture and maintaimng the vacuum for 45 minutes 
The dry weight of the cornea (0 75 to 1 5 mg ) was then obtained with the 
micro balance 

The nboflavin content of the cornea was determined with a microbio- 
logical method which has been previously descnbed (6) For this purpose 
the corneas were autoclaved in 0 1 n HCl and then partially neutrahzed 
with alkah and centnfuged After three aliquots of the supernatant flmd 
were removed for nboflavm determination, there remained a httle super- 
natant fluid Ahquots of this were used for the phosphorus determination 
In more than half of the cases in which both of the eyes had received 
identical treatment, the corneas were analyzed separately Under these 
circumstances the difference between the nboflavin concentration m the 
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two corneas of the same rat was found to have a coefiScient of variation of 
4 per cent In some instances the two corneas were pooled and analyzed 
as one sample 

A colorimetric molybdic acid method was used for measurmg the phos- 
phorus content The aliquots (0 025 ml , representmg 0 04 to 0 08 mg of 
cornea) were transferred with Levy-Lang constnction pipettes (7) to the 
bottom of special Pyre\ tubes 10 cm in length with an inner diameter of 
4 mm To each tube was added 0 035 ml of 10 nH:S 0« and the water was 
allowed to ev aporate overmght in an oven at 95° The charred samples 
were then wet ashed by adding to each a 0 01 ml drop of fumung mtnc aad 
and heating for 15 minutes in an oven at 130° The addition of fuming 
mtnc acid w as repeated once, and after bemg heated for an hour longer at 
130° the tubes were ready for color development To each tube was added 
0 7 ml of a reagent which was freshly made by dissohong 0 6 gm of the dry 
reducing mixture described by Fiske and Subbarow (8) in 90 ml of water 
and adding 10 ml of 2 5 per cent molybdic acid m 5 n sulfunc acid The 
tubes were thoroughly mixed mth a slender, spiral, glass rod, heated for 
90 minutes at 60°, and read in a Beckman spectrophotometer at a wave- 
length of 820 mp In order to read a volume of 0 7 ml in the standard cells 
of the instrument, a honzontal 1 mm sht was inserted in the path of the 
light beam at a point just before the hght enters the cell The cells were 
raised on blocks as far as possible without interfering with the narrow beam 
of hght Tlus permitted as httle as 0 4 ml to be read in the instrument 
ithout sacnfice in accuracy Approximately 8 times as much color is 
Lamed by the combination of heating and reading at 820 m;i as with the 
^ r 1 Fiske and Subbarow procedure w hen read at 650 mp 4s little as 
) 08 7 of P could be determined, as descnbed abov'e, with a precision of 2 or 
3 per cent This is the P content of 0 05 mg of cornea or 0 02 mg of hver 
The color development w as earned out at 60° instead of 95-100° to m- 
crease the consistency of the results At 100° occasional tubes failed to 
develop full color This appeared to be due to an excessive loss of SOi 
combined with reoxidation of the reduced molybdate by air To minimize 
both of these effects further, the heating was carried out in the long slender 
tubes descnbed above, w Inch increased the fluid depth 

Results 

The corneal epithehum contains 6 or 8 times as much nboflavin per gm 
as the rest of the cornea (Table I) The epithehum was scraped off the 
cornea with a scalpel and the epithehum from both corneas was analyzed 
as one sample The phosphorus concentration almost exactly parallels the 
nboflavin concentration Therefore the amount of nboflavin per mole o 
phosphoms is nearly the same in the epithehum as in the rest of the cornea. 



O A BESSEY AND O H LOWRY 


639 


This supports the suggestion that phosphorus is a more reliable basis than 
dry weight for measunng changes in the riboflavin concentration in tissues 
Some of the epithehum was certainly lost dunng the scraping process, but 
the amount of epithehum actually isolated contained 64 per cent of the total 
in the cornea, a lower limit 

Riboflavin values for normal young rats on a dog chow diet are also shown 
in Table I, together ivith data for rats 7 weeks on the nboflavin-deficient 
diet It will be seen that the decrease in comeal riboflavin on the deficient 
diet IS not accompanied by a fall in phosphoms This makes it probable 
that there is a real decrease in the nboflavin concentration in the cells 


Table I 

Riboflamn and Phosphorus Concenlratton in Corneal Epithelium, Stroma, and in 

Entire Cornea 


Diet 

Tunc 
on diet 

No of 
rats 

Part of cornea 

Dry 

weigat 

Ribo- 

flavin 

P 

Ribo- 

flavin 







mu per 

mi Per 


wks 



mg 

gm 


mole P 

Dog chow 


- 1 

Epithelium 

0 345 

9 04 

228 

40 




Stroma 

1 240 

1 44 

40 

36 

l( H 



Epithelium 

0 280 

9 35 

196 

48 




Stroma 

1 212 

1 29 

32 

41 

it n 

1-2 


Entire 


5 47 

US* 

47* 

Riboflavin-free 

2 

8 



2 94 

120 

24 


* Baaed on four rata 


The cornea promptly reflects changes in dietary nboflavin (Fig 1) The 
data from 102 rats are represented in Fig 1, each pomt representing the 
average of three to eight animals A distinct fall in nboflavin concentra- 
tion IS observed within 3 days after rats are placed on a nboflavin-free diet 
The fall is more rapid at first and then levels off after 3 weeks at approxi- 
mately 40 per cent of its imtial value It is about this time that deficiency 
signs appear in the cornea With less than optimum intakes of nboflavin 
(i e , 21 7 dady) there is a slower fall, which eventually nearly reaches the 
deficient level Apparently dunng the first 3 weeks at least, 40 7 of nbo- 
flavm per day provide as much of this vitamin as the cornea can use, whereas 
21 7 per day are inadequate to maintain the corneal nboflavin at the highest 
level possible In spite of the highest amounts of nboflavin admimstere , 
160 7 per day, there was a fall of approximately 10 per cent in the cornra 
nboflavin by the end of 21 days The slow dechne in the 21 7 curve r 
3 weeks we interpret as being due to the mcreased requirements o ese 

growing animals u l ^ i. 

The admimstration of 250 7 of nboflavin per day to rats w c a een 
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on a nboflavin-free diet tor 16 weeks resulted in a prompt rise in corneal 
nboflavm (Fig 1) One eye of each rat was removed for a control analysts 
just before the first nboflavin was admimstered IVitliin 24 hours there 
was an mcrease in nboflavm of nearly 100 per cent m the cornea of the re- 
maimng eye, and by 48 hours the recovery seemed to be complete It is 
perhaps sigmficant that in spite of the large amounts of nboflavin employed, 
the cornea never fully regained the nboflavm concentration of rats con- 
tinuously maintained on high nboflavm diets The results of this recovery 
experiment are m accord with observations made on other tissues by Ochoa 
and Rossiter (9) 



The contmuous maintenance of rats m bnght hght proved to be without 
demonstrable influence on the comeal nboflavm (Table II) The corneas 
were analyzed after 8, 16, 29, and 38 days m the hght The results have 
been averaged together Neither deficient rats nor control rats on a mod- 
erate nboflavm intake (21 y daily) showed any sigmficant influence of light 
on the nboflavm content of the cornea This was trae whether diy weight 
or phosphorus was used as a basis of calculation 

lake visible hght, ultraviolet hght faded to lower the nboflavm concentra- 
tion m the cornea (Table III) Only one eye of each rat was irradiated, the 
opposite eye served as a control The percentage change between irra^ 
ated and non-irradiated corneas is recorded (Table III) With repea 
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irradiation there seems to be actually a shght mcrease in nboflavin, but this 
mcrease is accompanied by an increased phosphorus content and probably 
IS the result of leucocytic infiltration, smce many of these corneas were 
edematous, turbid, and invaded by capillanes 


Table II 

Comeal Rtboflavtn of Rate Maintained in Bright Light for 8 to 38 Days 



Riboflavin 

Nq of rats j 

Riboflavin* 

P* 

Riboflavin 

P 

Imtial 

-y Per day 

■1 

y per im 

5 47 

mu Per ki 

115 

mg per mote 

47 

Light 

0 


2 70 

116 

23 

Dark 

0 


2 86 

123 

23 

Light 

21 

HEH 

3 75 

121 

31 

Dark 

21 

■■ 

3 65 

114 

32 


* Based on dry weight 


Table III 


Efeet of Ullramolet Light on Comeal Riboflavin 


Len^ of 
irradutioa 

No of 
irradutions 

Time after 
lastirraflu 
tioa 

No of rats 

Change m irradiated eye compared to 
control eye 

Riboflavm 

P 

Riboflavin 

P 

mi» 


krs 


per un\ ' 


per cent 

15 

1 

0 

3 

-7 

WBrn 

-4 

15 

1 

4 

5 

-5 


-3 

15 

1 

20 

3 

+1 

-12 

+12 

5* 

6t 

20 

2 

+16 

+17 

-2 

10* 

6t 

20 

2 

+18 

+17 

+1 

16t 

6t 

20 

2 

+8 

+18 

-8 

30t ] 

6t 

20 

2 

+8 

+2 

+6 

Average 



19 

+2 

+2 

0 

“ nboflavin-deficient only | 

6 

+4 

+7 

—4 


* Rata maintained in bright Ught (incandescent lamps) between periods of ultra- 
violet exposure 


t At 21 hour intervals 

' t Rata maintained in darkness when not bemg irradiated with ultraviolet light 

Some of the rats irradiated with ultraviolet hght were on a diet deficient 
m nboflavm There was no demonstrable effect of ultraviolet hght on the 
corneal nboflavm These findings are in agreement with those of Philpot 
and Pine (4) who irradiated ox corneas with ultraviolet hght in vitro 
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DISCUSSION 

The concent! ation of nboflavin in the cornea may be varied over a wide 
range Indeed, it is only when the concentration falls to less than half of 
the niaxunum value that visible signs of deficiency appear in the cornea 
This raises the difficult question of w hethei there is any advantage to the 
cornea of more than the minimum amount of nboflavin to prevent symp- 
toms With an amount of nboflavin (21 y per day) wluch permitted the 
level of nboflavin to fall to 50 or 60 pei cent of the maximum, there were 
no visible signs in the cornea of deficiency even in the case of rats with the 
additional stress of continuous illumination with visible light It would, 
of course, be of advantage to have a reserv e of nboflavm m any tissue, since 
this would permit the animal to undergo penods of deficiency without the 
development of symptoms 

It 13 probable that most of the corneal nboflavin is m combined form 
The insensitivity to ultraviolet light supports this belief There seems to 
be an upper limit to the amount of nboflavin wluch the cornea can retain 
It IS reasonable that this upper hmit is determined by the amount of nbo- 
flavin “acceptors” present or, since most of the nboflavun is probably pres- 
ent as the flavin ademne dinucleotidc (9), bj the dinucleotide “acceptors ” 
These acceptors might be either flavin enzj mes or othei , less specific, cellu- 
lar constituents Since the deficient cornea very promptlj accepts ribo- 
flavin when flavin again becomes available, either the nboflavin acceptors 
are still present or are very rapidly synthesized However, the coinea does 
not accept quite as much nboflavin as was piesent imtiallv Perhaps this 

cans that some of the nboflavnn acccptois have been perm inently lost 
a study of rat hv er in nboflavin dcficiencj , Rossitei (10) found little 
change in the concentration of the piotein poition of the flavnn enzjrae 
d-amino acid oxidase in spite of a grcatlj deci eased actmtv resulting from 
a deficiency in the prosthetic group There are, of course, many other 
flavin enzymes present in tissues wluch might be decreased dunng a pro- 
longed deficiencj 

The failure of the severe treatment of the cornea with ultraviolet light to 
affect the concentration of nboflavin suggests that the amount of illumina- 
tion expenenced by persons exposed for considerable penods to bright sun- 
light will not affect the nboflavin already present in the cornea There 
remains the possibihty that nboflavin as it diffuses into the cornea, pre- 
sumably in a flee form, may be destrojed by light on the way m The 
failure to observe an influence in rats of continuous rather intense illumina- 
tion on the corneal nboflavin suggests that such destruction, if it occurs, lo 
incomplete and without detriment to the cornea While strong hght wi 
lead to corneal vascularity, as shown by this study, it seems highly impro 
able that this tissue reaction has any direct relation to nboflavin nutntion 



O A BESSES AND O H LOWBX 


643 


SUMIURY 

1 A procedure for the determination of phosphorus in 0 05 mg of cornea 
IS described 

2 The nboflavm and phosphorus of the cornea are found to be largely 
concentrated in the epithelium 

3 The concentration of nboflavm in the cornea is piomptly influenced 
b\ the level of nboflavm intake 40 y per day produce a maximum effect 
at least up to 3 iv eeks With lesser amounts of nboflavm the concentration 
of corneal nboflavm falls, whether calculated on the basis of dry weight or 
on the basis of phosphorus present 

4 There is no demonstrable influence of light, either visible or ultra- 
violet, on the concentration of corneal nboflavm 
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Since the demonstration, of the metabohc conversion of methiomne to 
cystine, the hterature has been replete with theones and speculations con- 
cerning the mechamsra of this conversion Some of these suggested 
mechanisms have been based on in vitro analogies, some on indirect meta- 
bohc evidence, and others on no apparent experimental basis Obviously, 
all mechanisms involve the utihzation of the sulfur of methiomne for the 
qmthesis of cystine, a fact which has been indubitably established wth the 
use of radioactive sulfur (1) Beyond this common ground, the theones 
may be considered in two categones, they postulate either (a) the utihza- 
tion of the carbon chain of methiomne in the comersion to cystine or 
( 6 ) only the utihzation of the sulfur The three postulated mechamsms 
which fall into the latter category include that of Nicolet (2) in which 
cystine formation results from the interaction of HjS with ammoacryho 
acid, that of Brand, Block, Kassell, and Cahill (3) m which homocysteine 
reacts with aminoacrylic acid to yield a thio ether which cleaves to form 
cystme, and that of Toenmes (4) in which methiomne reacts ivith a hydroxy- 
ammo acid to form a sulfomum compound which sphts off methyl alcohol 
and eventually cleaves to yield cystine On the other hand, there have 
been two theones suggested in which the carbon chain of methiomne is 
shortened to yield the 3-carbon chain of cysteine, in one case by demethyla- 
tion to homocysteine followed by an oxidative degradation at the ammo- 
carboyyhc end of the chain as postulated by du \ igneaud and collaborators 
(5), and in the other by a shift of the sulfur followed by w oxidation and 
decarboxylation, as suggested by Tarver and Schmidt (1) 

It is the purpose of the present paper to estabhsh defimtely w hether the 
carbon chain of methiomne is utUized in the conversion to cystme in the 
animal body This was accomplished by feedmg white rats on a cystine- 
free diet with methiomne labeled with both isotopic sulfur and isotopic 
carbon, the latter in the ^ and 7 positions, and subsequently isolating the 
cystme from the hair of these animals for the determination of its isotopic 
content 

In an earher investigation' we made an attempt to solve this problem by 
* du Vigneaud, V , Dyer, H M , Cohn, M , and Brown, G B , unpublished data 
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feeding methionine ivhose caibon chain was labeled by means of deutenum 
It was reabzed that this approach could be decisive only if the cystine iso- 
lated after the feeding of the compound contained deutenum because of the 
possibihty of the labihzation of the deutenum dunng a conversion of methio- 
nine to cystine However, it was deemed worth while at least to carry out 
exploratory expenments m this direction Dideutenomethiomne with the 
deutenum attached in the ^ and y positions was synthesized (6) The 
cystine actually isolated after the feeding of the dideutenomethiomne con- 
tained no deutenum This lesult did not permit a unique interpretation 
and required further investigations of the possible labihzation of the deu- 
tenum Further work along this line was imtiated but was abandoned 
when the carbon isotope became a%ailable for labeling the carbon chain 
directly 

Since that time the application of different methods of approach has 
juelded evidence concermng certain aspects of the mechamsm of the con- 
\ei-sion of methionine to cjstme From studies of the behavior of the thio 
ether, cystathiomne, both in the intact animal (7) and tissue slices (8, 9), 
the mechamsm wluch seems most strongly supported by expenmental 
evidence at the moment is a modification of the hypothesis of Brand, 
Block, Kassell, and Cahill The first step m the proposed mechanism is 
the demethylation of ractbonine to homoc>steine It now appears that 
senne interacts with the homocjsteine to form c> stathiomne, the latter 
cleaving to form cj steme Both tissue slice expenments from this labora- 
tory (9) and a study wth X‘* 63' Stetten (10) indicate that senne is the 
precursor of the carbon chain of cysteine and cystine 

The present stud3' in w hich both the sulfur and the carbon are labeled 
demonstrates conclusively that the carbon chain of methiomne is not con- 

erted to cystine 41 though approximately SO per cent of the sulfur in the 
isolated C3'stine had been den\ ed from fed methionine, no sigmficant amount 
of the carbon in the C3stine onginated in the metluomne fed These results 
preclude acceptance of an3 mechamsm inxolving the conversion of the 
carbon chain of methionine to the carbtin chain of cystine in the animal 
body 


experiment \Ii 

The synthesis of the labeled metluomne has been described in a previous 
paper (11) The sample fed contained 4 23 atom per cent excess S“ and 
1 67 atom per cent excess C*’ The isotopic carbon was in the P and y 
positions 

Feeding Expenmenl — Four young rats, all htter mates, of about 60 gm 
w eight, were used The rats w ere fed a basal diet in which the ammo mtro- 
gen was supplied by pure amino acids in a mixture patterned after that 0 
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Rose and Rice (12) The basal diet had the following percentage composi- 
tion ammo acid mixture 21 3- (13), salt mixture 4 0 (14), hj^drogenated 
vegetable oil (Cnsco) 30 0, sucrose 44 7 The oil-soluble vitamins were 
included in the Cnsco as hahbut hver od, irradiated eigosterol in cotton- 
seed oil, dl-a-tocopherol, and menadione, and provided 4000 U S P umts 
of vitamin A, 400 U S P umts of vitamin D, 1 0 mg of vitamin E, and 
100 y of vitamm K per 100 gm of diet The water-soluble vitamins weie 
administered by pipette as 1 ml of an aqueous solution providmg the rats 
daily ivith 20 y of thiamine hydrochlonde, 20 y of nboflavin, 20 y of mco- 
timc acid, 20 y of pyndoxine hydrochlonde, 100 y of dl-calcium pantothen- 
ate, 5 mg of inositol, and 25 mg of chohne-free ryzamin-B 

The rats were permitted to consume the basal diet ad libilum for a penod 
of 3 days dunng which they lost weight On the 4th day, the basal diet 
was supplemented ivith 0 6 per cent methiomne, ordinary methionine for 
Rats 827 and 828, and isotopic methiomne for Rats 825 and 826 At the 
end of the 4th day, the animals’ were anesthetized with ether and dehaired 
with the use of a depilatory The level of methiomne in the diet was con- 
tmued at 0 6 per cent for 12 days At the end of this penod, the methiomne 
content of the diets of the control and expenmental animals was lowered to 
0 5 per cent The animals were consuming such large quantities of food 
per day that it was necessary to lower the percentage of methiomne in the 
diet further to 0 43 per cent on the 18th day, and agam to 0 38 per cent on 
the 24th day Furthermore, on the 28th day, the total food consumption 
per day was linuted to 8 gm per rat \t the end of the 38 days, all the 
ammals were returned to the basal diet for 2 days All the rats were then 
dehaired by chpping the hair as closely as possible to the skin The data 
for the feeding experiments are summarized in Table I 

Isohiton of Cystine — 500 mg of the thoroughly washed and degreased 
hair were hydrolyzed under a reflux for 20 hours wth 15 ml of a 1 1 hydro- 
chloric acid-formic acid mixture The mixture was refluxed at 100“ for 
about 1 hour and then the temperature was raised to 125“ At the end of 
20 hours, the hydrolysate was evaporated to dryness and the residue was 
dissolved in 10 ml of 1 n HCl The procedure that follow ed, to the stage of 
separation of the cuprous mercaptide, was essentially the method employed 
by Graff, MacuUa, and Graff (15) for the estimation of the cystine content 
of tissue proteins The washed cuprous mercaptide was decomposed by 

’ The apparent percentage of ammo acid mixture in the diet used m this paper 
differs from that previously described because the present diet contains 3 8 per cent 
dl lysine hydrochlonde rather than 4 5 per cent dl lysine dihydrochlonde and - 3 
per cent sodium bicarbonate rather than 3 9 per cent 

’ One of the control ammals was killed in the dehairing process and a htter ma , 
Rat 827, was substituted for it As a result of the accident, this ammal was fed the 
0 6 per cent methiomne diet for 5 days less than the other three ammals 
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passing HjS through the hot acidified suspension of cuprous mercaptide for 
about 2 hours The suspension was then centnfuged, the supernatant 
hquid was decanted, and the sludge of CU 2 S was washed with 0 1 n HCl 
The supernatant liquid and washings were wanned to remove any HjS and 
evaporated to a volume of about 5 ml The cysteine was oxidized to 
cystine ivith a dilute alcohohc solution of lodme, excess iodine being avoided 
The solution was evaporated to dryness and the residue was dissolved in 
2 ml of water and brought to pH 4 5 xvith 0 5 n NH 40 H solution The 
solution was allowed to stand overmght in the ice box and the cystme ob- 
tained was reciystalhzed lii dissolving in 0 1 v HCl and adjusting the pH 
to 4 5 with 0 5 N NjHiOH solution 

A prehmmary isolation from ordinary rat hair indicated that the cystine 
from the first crystallization was 98 i 5 per cent pure by polarographic 
analysis The isolated cvstine had a specific rotation of [a]“ = — 143“ 
in 1 N HCl The yields of cj stine from the hair of the ex-penmental animals 


Table I 

F eedtng of Methionine 


Rat No 

Duratloa of expcnment 

Change m body weight 

Total metluomne ingested 


n/oyj 

tm 

tm 

825 

35 

53-114 

1 17 

826 

35 

54-120 

1 18 

827* 

30 

69-123 

1 07 

828 

35 

58-120 

1 07 


* See foot note 3 


were less than those obtained in the preliminary isolations with ordinary 
rat hair A polarographic analysis of the hydrolysate of ordinary rat hair 
showed that cystine was present in the hair at an approximate concentration 
of 12 per cent A similar analysis for one of the control animals (Rat 828) 
mdicated a lower cystine content, namely 10 per cent, which may be ascnbed 
to the low sulfur content of the diet in these expenments, as previously 
pointed out by other mvestigators (16, 17) 

Elementary analyses of the reciystalhzed cystine from the hair of the 
control animals and from ordinary rat hair showed that the product was 
analytically pure The cystine samples from Rats 825 and 826 were not 
analyzed in order to conserve the valuable isotopic products 

Analyses — CiHuOiNjS. 

Calculated C 29 99, H 5 03 
Ordinary hair Found “30 12, “5 06 

Rat 827 “ “ 30 16, “ 4 99 

“ 828 “ “ 29 96, “ 5 18 
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Determination of Isotopic Content — For the purpose of determining the 
isotopic ratios of the fed and isolated compounds, the carbon and sulfur 
had to be converted to a form which could be readily analyzed with the 
mass spectrometer For the determination of the carbon, 1 to 2 mg of the 
methiomne or cystine was burned to COj in a stream of oxygen in a micro 
combustion tube packed only ivith CuO wire The products of combustion 
were passed through a gas scrubber contaimng 5 ml of a clear saturated 
Ba(OH )2 solution The precipitated BaCOj was centrifuged, washed, and 
transferred to an asbestos mat in a small perforated glass cup The BaCOj 
was reconverted to CO* by treatment with dilute HCl in a conversion ap- 
paratus similar to that used by Rittenberg, Keston, Roseburj , and Sehoen- 
heimer for the hberation of mtrogen (18) 

In the case of sulfur, it was found more satisfactory to reduce the com- 
pound to HiS rather than oxidize to SO 2 For this purpose 4 to 5 mg of 

Table II 

Isotopic Analysis of Fed Methionine and of Isolated Cystine 


AH samples were analyzed on the same day and the S’* and C” contents of the 
control isolated cystine were assumed to be the normal abundance in calculating 
the excess for methiomne and cystine 


1 

Compoaod 1 

SuUur anal^'su 

Carbon aaalysu 

S« 1 

1 la 

1 excess < 

Cu 

D»ia 

excess 

Control isolated cystine (Rat 827) 

atom 
fcT cent 

4 50 


atom ^ 
Per cent 

118 

i atom 
per cent 

0 00 

Fed methiomne 

8 73 

4 23 

2 85 

■PS 

Isolated cystine (Rat 825) 

7 96 

, 3 46 

1 20 


“ « (“ 826) 

7 90 


1 19 

■El 


methiomne or cystme were heated in a stream of hydrogen in a micro com- 
bustion tube that was packed only with platinum gauze maintained at 
approjumately 700° The gases were passed through a scrubber contaimng 
about 5 ml of a solution of 15 per cent zinc acetate in 10 per cent sodium 
acetate The zmc sulfide obtained was centrifuged, washed, and collected 
m the same maimer as the BaCOj Attempts to obtain maximum yields of 
H 2 S from the ZnS finally led to the use of 100 per cent phosphonc acid m 
the conversion process The values of the isotopic ratios for the carbon 
and sulfur of the methiomne fed and the cystines isolated are listed in 
Table II 


DISCUSSION 

The experimental results obtained, in so far as the sulfur is concernrd, 
agree quahtatively mth those previously obtained by Tarver and Schmi t 
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(1) m their experiments ivith radioactive sulfur The discrepancy in the 
quantitative aspects of the results, ^ e the higher percentage of isotopic 
sulfur found m the isolated cj stine in our expenments, may be due to the 
differences in expermiental conditions, all of which would tend to make the 
results diverge in the direction found The present experiments were 
designed to attain a maximum amount of conversion of methiomne to 
cystme Whereas the diet m our experiments contained onlj isotopic 
methiomne, that of the previous investigators contained approximately 0 2 
pei cent ordinary methionine in addition to 0 15 per cent labeled methio- 
nme .Vnother difference in the diet was the complete absence of cystme m 
the present experiments, while the diet in the ex-penments of Tarver and 
Schmidt contained approximately 0 02 per cent cystine, of the order of 
2 mg per day It should also be pointed out that in the same period of 
time our animals gained GO gm compared to 40 gm in the other expen- 
ments, our chet containing the equivalent of approximately 3 times then 
protem concentration 

Smce the isotopic sulfur content of the isolated cj stine was 80 per cent of 
that m the fed methiomne, there can be no question that, had the carbon of 
methiomne been converted to cystine, it would have been detected in sig- 
nificant quantity If the 2 labeled carbon atoms of methiomne had been 
transferred to the cystine intact with the sulfur, 80 per cent of 2 carbon 
atoms in the cystme isolated would have been denved from the methionme 
Smce the mitial value of the carbon m the methiomne was 1 67 atom per 
cent excess C“ and the number of carbon atoms is decreased from 5 to 3, 
the C’ in the isolated cj stme from the hair w ould hav e been 0 80 X 1 67 X 
5/3 or 2 2 atom per cent excess If the degradation of the methiomne 
chain took place m such a waj that only 1 of the labeled carbon atoms was 
retained, one-half of this quantity or 1 1 atom per cent excess w ould be 
expected m the isolated cystme Thus, m cither case, a utilization of the 
carbon chain of methiomne for the sj nthesis of cystme in the ammal body 
could have been readily observed under the present expenniental conditions 
and it may be concluded that no appreciable conv ersion of the carbon cham 
of methiomne to cystme occurs 


SUMUARX 

Methiomne labeled with S“ and with C*’ in the /3 and y positions was fed 
to rats and the cystine was subsequently isolated from the hair It was 
found from isotopic analysis of the cystine that approximately 80 per cent 
of its sulfur but no significant amount of its carbon had been denved froin 
the methiomne Thus, it has been estabhshed that the carbon chain o 
methiomne is not utihzed in the m vivo conversion of methiomne to cystme 
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THE DETERMINATION OF BLOOD PLASMA IRON* 
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Hematopoiesis has become e\tremely important because of the increased 
phlebotomy m obtaimng blood plasma Many studies have been made to 
show the relationship of nutrition to the rate of blood regeneration Dur- 
mg the course of an investigation with experimental anemia and the utihza- 
tion of iron in foods, a study of the relationship of the plasma iron to the 
regeneration of hemoglobin was begun To do this, there was required a 
rapid and accurate method for the determination of the plasma iron in 
numerous samples of blood 

Many methods have been published, all of them based on the precipita- 
tion or digestion of the plasma proteins and the final colonmetnc measure- 
ment of the iron Fowweather (1) found that the precipitation of the p^ 
teins with trichloroacetic acid gave lower values than total digestion ® ^ ® 
plasma with sulfunc acid and hydrogen peroxide Because traces of 
globm gave high values when the total digestion method was used, he 
analyzed only samples of plasma that gave a negative test with benzi ne 
Both Barkan (2, 3) and Tompsett (4) have studied the use of tnchloroacetic 
acid to precipitate the plasma proteins Barkan found that incu atiori o 
the plasma at 37° m the presence of 1 2 per cent hydrochlonc acid , 

the coprecipitation of the morgamc iron and gave good recoveries o a 
iron Tompsett mamtained that feme iron forms a protem complex more 
readily than iron in the ferrous state He found that reduction o t e 
iron with thiolacetic acid or sodium hydrosulfite or the formation o e 
feme p 3 rrophosphate complex prevented the coprecipitation o ® , 

the proteins Shorland and Wall (5) and Borgen and E ve jem ( ) 
that thiolacetic acid and sodium hydrosulfite reacted with traces of 
and hemoglobin, releasing iron to give abnormally ^ cmnlp 

found that sodium pyrophosphate gave low values when a o e 

of blood unless a reducing agent was also present Because o ^ 

flictmg reports and because Barkan’s procedure (3) ^ >ind 

Schaefer and McKibbrn^ of this laboratory mvestigated 
devised a method for the determination of the plasma iron 

• Published with the approval of the Director of the Wisconsin Agricultural Ex 
perunent Station 

1 Schaefer, A , and McKibbin, J , unpublished report 
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and seemed to give accurate results Their method was based on the obser- 
vation that the inorgamc iron was distributed in equal concentration be- 
tween the filtrate and the precipitate when the proteins were precipitated 
with tnchloroacetic acid This method has been used in previous mvestiga- 
tions and the values obtamed agree very well ivith those reported by others 
When this new problem was undertaken, this same method was used but 
it was found that consistent results were not obtamed A need for a 
method that would give accurate and reproducible values was apparent 

Reagents — 

1 Tnchloroacetic acid, 25 per cent solution m water The tnchloro- 
acetic acid should be redistilled if it is not free of iron 

2 Hydrochlonc acid, 6 n, redistilled 

3 Ammomum hydroxide, approximately 6 n 

4 Buffer solution, pH 4 58, 27 2 ml of c p glacial acetic acid and 33 4 
gm of c p sodium acetate (anhydrous) dissolved m water and made to a 
volume of 250 ml 

5 Thioglycohc acid, Eastman’s practical grade 

6 p-Nitrophenol, 0 1 per cent solution in water 

7 a, a'-Bipyndine, 0 2 per cent solution m 6 per cent acetic acid Dis- 
solve 0 2 gm of the reagent in 5 ml of c p glacial acetic acid and dilute to 
100 ml ;vith water 

8 Standard iron solution Dissolve iron wue (99 8 per cent) m a nnx- 
ture of mtnc acid and hydrochlonc acid and dilute with water to give a 
concentration of 1 mg per ml From this stock solution standard solutions 
of 100 and 1 7 per ml are made 

9 Iron-free water Distilled water should be redistilled from glass 
All equipment should be thoroughly cleaned and rinsed w ith iron-free water 

EXPERIMENTAL 

In order to use the minimum amount of plasma and yet obtam enough 
iron for the formation of sufficient color intensity, a, a'-bipyndme was se- 
lected as the reagent a, a'-Bipyndine forms an mtense pink color with 
ferrous iron which has an absorption maximum at about 520 m^ and can 
be used to detect less than 0 05 part per million Since the iron must be 
in the ferrous state, thioglycohc acid was used as the reducing agent It is 
a very strong reducmg agent and only 2 drops of the undiluted reagent are 
required Although vanations in pH between 3 and 9 do not influence the 
intensit5rx)r hue of the color produced with bipyndine (7), a constant p 
was maintained in the standard and test solutions A.n acetic acid-acetate 
buffer was chosen w hich buffered at pH 4 6 At this pH the color formation 

is almost instantaneous , 

It was found that because of the small amounts of inorganic iron in b 0 
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plasma it would be necessary to measure the color mtensity obtained mth 
1 to 4 7 of iron The sensitivity of the test for iron with bip^dine wa^ 
detenJned by measunng the color obtained with 0 5, 1 0, 2 0 30, and 4 0 
7 of iron m 11 ml of solution The Evelyn colorimeter wm used to measure 
Jhe mtensity of the color Filter 520 was used, and the transmi^ion of 

hghtwasreadonthegalvanometerscaletothenearestOlofascaledi^^^ 

The L values (L = 2 - log G) were calculated from galvanometer re^ngs 
J^ anSotted against micrograms of iron (Fig 1) After ^senes of 
W exnenments it was found that 0 5 to 1 7 of iron can be detenmned with 

^«of iepercent The accuracy for 1 to 2 7 >b ±3 per cent, and 

VmoS rLove^y* eienments were conducted by the 
Jtod ThTprTci u, « follows 5»1 of blood pl«s™. wh.* bsd 



been obtained from a dog by vempuncture, a pipetted into 

sodium oxalate solution being imed j,ge^®’tnchloroacetic acid 

a 15 ml cahbrated centrifuge tube 5ml 0 P „ ygry experiment 

solution were added and mixed with the plasma , amount of iron, 

were to be made, the iron solution containmg a acid n as mixed 

e , 2, 4, 6, 8, and 10 7 . was added before (80- 

with the blood plasma The tubes were th p ^ ^ ^ 

90°) for 5 minutes, and then centrifuged for cahbrated centrifuge 

supernatant hqmd was poured off into anot er solution had been 

tube after the volume of the precipitate an o filtrate or an ahquot of 

noted The iron was then determined m the clear filtrate or a 
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it The results are tabulated m Table I It is seen that the amount of 
added iron recovered m the filtrate vaned from 50 to 78 per cent If the 
amount found m the precipitate was also included, the total recovery ranged 
from 83 to 108 per cent This was an indication that iron was earned down 
with the precipitate and that the relationship betw een the iron m the filtrate 
and the total iron was vanable An attempt w as made to wash the precipi- 
tate with a imxture of water and tnchloroacetic acid but the recovenes were 
not appreciably improved It was necessarj to devise a method to elimi 
nate tlie “carry down” of the iron with the precipitate, or one which would 
permit the recovery of all the iron by the simple procedure of washing the 
precipitate 

Since Tompsett (4) found that thioglycohc acid and sodium hydrosulfite 
improved the recovenes in his method, it was decided to test the effect of 
reducing agents on the iron content of plasma and on the recovery of added 


Table I 


Experiments on Recovery of Iron from 5 Ml of Plasma by Schaefer-McKibbin Method 


Izoa added 

Added troa m titrate 

lion recoTticd 

y 

y 

pcfe4iU 

y 

per uni 

2 00 

1 38 

69 0 

1 86 

93 0 

4 00 

2 62 

65 5 

3 84 

96 0 

4 00 

3 12 

78 0 

4 33 

108 

6 00 

3 52 

53 7 

4 98 

83 0 

6 00 

3 57 

59 5 

5 23 

87 0 

8 00 

5 04 

63 0 

7 23 

90 4 

10 0 

5 05 

50 5 

8 63 

86 3 


iron The blood plasma used m this expenment was obtamed from dogs 
Smee the blood had been allow'ed to remain in the ice chest for 12 hours be- 
fore centrifugation, there was quite a bit of hemoglobin in the plasma The 
Schaefer-McKibbin method* was followed and the reducing agent was added 
to the plasma before the proteins were precipitated The precipitate was 
washed with a mixture of the trichloroacetic acid solution and water, and 
this was added to the filtrate The results are tabulated in Table II I* 
will be noted that the plasma iron m Groups II, III, IV, and V is very high 
when compared to the other groups It is an indication that iron other 
than the plasma iron was being measured Tlus is similar to the results of 
Shorland and Wall (5), and Borgen and Elvehjem (6) They found that 
the non-hemoglobin iron content of blood is increased w'hen thioglycf^c 
acid or sodium hydrosulfite is added before the proteins are precipit^®** 
In order to obviate the situation that was encountered m the preceding 
experiment, fresh plasma, free of hemoglobin except perhaps for traces 
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which could not be detected, was used The experiment was repeated, and 
now the abnormally high \ alues were not obtained with the strong reducing 
agents, but the recoverj’- of added iron u as not good in all cases The Ttinm 
difficulty seemed to be the coprecipitation of the iron and the incomplete 
removal of this iron by w ashing It is believed that the iron is mechamcally 
earned down bj the precipitate It had been noted that the precipitate 
formed bv the addition of tnchloroacetic acid to the plasma was veiy fine 
and seemed to be quite hydrated, setthng to the bottom of the centnfuge 
tube to form a thick mass The problem seemed to be 2-fold first, to re- 
duce any plasma iron that may be in the ferric state so that protein com- 
plexes are not formed, and second, to piecipitate the proteins so that very 

Tabioe II 


Effect of Reducing Agents 


Group "Vo 

1 AdditiQQs to 5 ml pUsma 

Iron added 

Iron m 5 ml 

Iron 

recovered 


1 

7 

1 7 

Perunt 

I 

None 

0 

' 13 0 

\ 

78 0 


“ 

8 32 

19 5 

II 

I 5 drops thioglyooUo acid 

0 

33 0 

162 


5 <• “ “ 

8 32 

46 5 

m 

10 “ “ “ j 

0 

61 7 

110 


10 “ “ “ 

8 32 

71 0 

IV 

2 ml 4% NasS.O< 1 

0 

32 0 

119 


2 “ 4% “ 1 

8 32 

42 0 

V 

2 “ 10% “ 

0 

37 0 

134 


2 “ 10% “ 

8 32 

48 3 

VI j 

1 “ 10% NHjOH-HCi ! 

0 

12 5 

90 


1 “ 10% 

8 32 

20 0 

VII ' 

100 mg vitamin C 

0 

12 2 



httle iron is earned down The solution to both of these problems came 
when the properties of the proteins in question were taken into account 
Mirsky and Anson (8) maintain that denatuiation of most proteins releases 
sulfhydtyl groups which have reduemg properties They recogmze also 
the presence in proteins of non-sulfhydryl i educing groups which they 
asenbe to the tyrosine and tryptophane residue Thej found that dena- 
tured serum globin would reduce the ferncyamde ion Jaques (9) found 
that fibrinogen can reduce dilute solutions of iodine and of hydrogen perox- 
ide rapidly at 25 ° at pH 5 to 7 The reducing power of fibnnogen is not 
changed by denaturation, but the reducing pow er tow ard hydrogen peroxide 
IS increased on conversion to fibrin He also noted that denaturation of the 
serum proteins at 100° increased the reduction of iodine b> 20 per cent n 
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following these leads, \\ e found that w hen the plasma is' heated at 100° a gel 
IS formed Upon addition of tnchloroacetic acid a hght, curdy precipitate 
results, the veiy nature of which facihtates the removal of any residue iron 
The following procedure has been perfected so that reproducible and con- 
sistent results were obtained with good recovenes of added iron This 
method does not require blood plasma free of hemoglobm because any 
hemoglobin is precipitated b> the tnchloroacetic acid 

Proposed Procedure 

3 to 5 ml of blood plasma contaimng about 3 to 9 y of inorganic iron are 
pipetted into an ungraduated Pyrev 15 ml comcal centrifuge tube 3 ml 
of redistdled water are added and mixed ivith the plasma A blank con- 
sistmg of all the reagents used is also prepared 
Place the tubes m boihng water for 2 to 3 minutes, or until the solution 
becomes opaque Cool the tubes in cold water 

Add 2 ml of 25 per cent tnchloroacetic acid solution, and stir thoroughly 
so that the acid is intimately mixed with the plasma Use a small blunt 
end stirnng rod so as not to break through the bottom of the tubes 
Place the lubes in a water bath at 90-95° for 3 minutes, stimng the 
solution once or twice 

Remove from the bath and cool m cold water Centnfuge at 2000 to 
3000 R p M for 5 minutes 

Decant the supernatant hqmd into a 15 ml graduated centnfuge tube 
Add 4 ml of redistilled water and 1 ml of tnchloroacetic acid to the 
onginal tube Break up the precipitate and stir well Place in a water 
bath at 90-95° for 3 minutes, stirnng each solution once Remove and cool 
the tubes in cold water 

Centnfuge the tubes for 5 minutes at 2000 to 3000 R p M and decant the 
supernatant liquid into the tube which contains the first filtrate 
Add 1 drop of 0 1 per cent p-mtrophcnol indicator solution, and ad 
NBUOH drop by drop until the solution becomes yellow 
Add 1 ml of the buffer solution and enough water to make 15 ml Jhx 
Pipette an aliquot, 5 or 10 ml , contaimng 2 to 3 y of iron mto an Evelyn 
tube, and add 2 drops of thioglycolic acid and mix If less than 10 ml are 
taken, add water to make 10 ml 

Determine the center setting (100 per cent transimssion on the galvanom 
eter scale) for each solution in the coloruneter , 

Add 1 ml of 0 2 per cent a, a'-bipyndine reagent and mix by gentle s 
ing or tapping of the tube Read each tube in the colorimeter wit 6 
respective center setting previously determined The galvanometo ( 
reading is recorded to the nearest 0 1 of a scale division if the ve y 
colorimeter is used 
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Calculate the amount of iron in the solution m each tube by reference to 
a standard curve or use the following formula after calculating the L values 
from the G readings 

Micrograma i_ron ^ ^ ^ 

Aliquot 

In order to test the vahdity of the proposed method, recovery experi- 
ments were made which are summarized m Table III The recovery of 
added iron ranges from 92 to 104 per cent Considenng the sensitivity of 


Table III 

Recovery of Added Iron 


Dog No 


335 

340 

338 

325 

337 


Sample 


ml 

5 

3 

5 

3 

5 


Iroa added 


t 

3 12 
1 04 

4 16 

1 04 

2 08 


Iron foimd 


y 

2 94 

0 96 
4 00 

1 05 

2 16 


Iroa recovered 


fer cati 

94 5 
92 3 
96 0 
101 
104 


Table IV 


Plasma Iron Values of Normal and Anemic Dogs 


Dog No 

Age 

Ration 


mcs 


333 

1 

Synthetic ration 

334 

1 

TVTinprnli^p.fl milk Vitamins 

335 

1 

«« *< ^ ** without 



added iron 

325 

9 

Synthetic ration 

300 

12 

Mineralized milk + vitamins 


iron m 100 ml 
plasma 


y 

90 0 
102 
32 0 

200 

141 


the method and the error incurred by the use of the ve yn co or 
colored solutions of low intensity, these recovenes are goo e „ rnethod 
the added constituent does not entirely detenmne t e precisio gnmples 
Reproducibdity of results is also important, and we have oun 
of the same blood gave remarkably similar results Tfiipiramer 

This proposed method was applied by Messrs andjlueg^^^^^ 

to their work with nutritional anemia In numerous Some 

plasma, they obtained reproducible values and coi^s 
typical data as found by them are hsted in Tab e 
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DErrERiUNA.TION OP BLOOD PLA.31IA IRON 


SUSIMARI 

1 A method has been devised to measure the plasma iron The diffi- 
culties encountered because of the precipitation of the plasma proteins by 
tnchloroacetic acid were obviated by a simple procedure The proteins 
are denatured by heat before bemg precipitated by the tnchloroacetic acid 
One washmg of the precipitate seems to recover all the iron 

2 a, a'-Bipyndine was used to measure the iron colonmetncally m the 
range of 1 to 4 7 When an acetic acid-acetate buffer at pH 4 6 is used, the 
color formation is instantaneous 

3 The plasma iron may be determined with a maxunum error of ±10 
per cent for blood plasma contaimng 30 to 90 7 per cent of iron, and with a 
maximum error of ±5 per cent for blood plasma contaimng 100 to 200 7 per 
cent of iron 
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FERRITIN 

vm SPEED OF UPTAKE OP IRON BY THE LIVER AND ITS CONVERSION 
TO FERRITIN IRON 

Bt S GRANICK and P F HAHN 

(From the Laboratories of The Rockefeller Institute for Medical Research, Veto York 
and Vanderbilt University, Nashville) ' 

(Received for publication, July 21, 1944) 

In a previous paper (1) it was demonstrated by means of radioactive 
iron as a tracer that 80 per cent of the feme ammomum citrate iron some 
13 days after mtravenous mjectiou was found m the hver Of the crystal- 
line femtm isolated from this hver, three-fourths of the u-on m the femtih 
l^d come from the mjected iron lu the present paper we have studied 
the composition of the iron complex m femtm, the mechanism and loca- 
tion of the conversion of morgamc to femtm iron, and the speed with 
which this conversion occurs 

Composition of Iron Micelle in Femtin — From ultracentnfuge studies 
(2) it has been shown that crystallme femtm is made up of about 20 per 
cent of apofemtm molecules free from iron, the remammg 80 per cent of 
apofemtm havmg the iron micelles firmly bound to some portions of the 
protem surfaces The iron m femtm is characterized by its imique mag- 
netic susceptibihty (3), reveahng that there are 3 unpaired electrons per 
iron atom This property readily distmguishes it from all other iron 
compounds known to occur normally m the organism 

When femtm is treated with 1 n NaOH for 10 mmutes at room tem- 
perature, the protem is denatured, remammg m solution, and a red-brown 
coagulum separates out which contains all of the iron The brown sub- 
stance was centrifuged down, dialyzed, and dried over PjOs to constant 
weight The analysis of this material is given m Column 1 of Table I 
In Column 4 the composition of the ash has been calculated and agrees 
with the experimentally found value In calculation of the composition 
of the uon micelles (Columns 2 and 3) it has been assumed that the em- 
puical formula of the uon is FeOOH, with all of the phosphate m salt 
^^Akage with the uon It has also been assumed that the mtrogen repre- 
sents protem occluded on the coagulated uon micelles The formula 
FeOOH corresponds to the composition of the naturally occturmg mm- 
erals, goethite and lepidocrocite However, m these mmerals the mag- 
netic susceptibihty per gm atom of Fe, measured at room temperature, 

13 much lower than m femtm 

The composition of the alkah-treated micelle is not that of the mtact 
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micelle m femtm It haa been shown that all the phosphoms of femtin 
13 bound to the iron micelles and is not a constituent of the apofemtm 
In the mtact micelle, the ratio of phosphorus to iron is about 1 P atom 
to 8 to 9 Fe atoms On treatment with allcah, approximately 75 per cent 
of this phosphorus is removed, so that a chemical change m the micelles 
IS recognizable (4) However, the magnetic measurements on the alLali- 
treated material show that the type of bondmg for the iron atom as mam- 
fested m its magnetic susceptibihty has remamed unchanged The ortho- 
phosphonc acid groups were evidently hydrolyzed off by alkah treatment, 
the phosphate group bemg replaced by an OH without changing the type 
of bondmg to the Fe atom 


Table I 

Per Cent Composition of Iron Micelles, Separated from Femlin by 
Treatment with Alkah 


AiulysU of 
troQ micelle 

(1) 

Compo&lLioa based on Fe oi FeOOH 

(2) (3) 

Composjlloa of ub* 

(4) 

c 

6 79 

FeOOH 

82 8 

FeOOH 

82 8 

1 31% Fe m FePO. 

3 6 

H 

1 61 

FeOPO,H, 

4 77 

FcOPO,H, 

4 77 

52 1% Fe in FesOi 

74 5 

N 

1 65 

CdO 

1 98 

CdO 

1 98 

CdO 

1 93 

P 

0 73 

Protem 

10 3 

N 

1 65 

Calculated 

Elia 

S 

0 05 

(calculated 


H 

1 61 

Found 

so 93 

Fe 

52 7, 

from N) 


C 

6 79 




53 8 

Total 

99 8 


99 6 



Cd 

1 75 



ot 

2 



Ash SO 93 



Total 

101 6 




Magnetic susceptibility corresponds to an effective magnetic moment of 3 8 Bohr 


magnetons per gm atom of iron 

* Assume that all of the phosphate is in the form of FeFOt 
t Oxygen correction calculated from O N ratio in protein 

The density of the mtact iron micelles may be calculated from the 
values of Rothen (2) for the density of apoferntm (1 34) and of ferntm 
contammg 23 per cent iron (1 75) If one assumes the iron to be m the 
form of (FeOOH)8(FeO — OPOjHj), then the micelles make up 38 per 
cent by weight of the ferntm and the density of the micelles is 3 50 gm 
per cc On the other hand, if one assumes the iron to be merely m the 
form of FeOOH, the density of the micelles is 3 83 The density of min- 
erals ivith the composition FeOOH is 4 2 ± 0 2 The density of Fe.Oj 
mmerals is about 5 0 Assummg micelles ivith relatively large surface 
and looser packing than m the ciystallme mmerals, omng to the preaence 
of phosphate, the density of ferntm micelles as 3 50 is a reasonable figure, 
supporting the formula (FeOOH)8 (FeO — OPOjHj) 
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The question always arises in dealing mth micelles of large surface as 
to whether the phosphate may merely be adsorbed to the surface of the 
iron micelles, or more firmly bound That only a small portion of the 
phosphate may be loosely held by adsorption to the iron micelles is sug- 
gested by the followmg experiment Solutions of femtm and of apofer- 
ntm were mixed with radioactive phosphate at pH 7 After 30 mmutes 
the proteins were ciystalhzed out of solution with the aid of CdS 04 , the 
crystals were centrifuged, washed, dissolved m 5 per cent ammomum 
sulfate solution, and the solution was analyzed for radioactive POi From 
Table II it is seen that only neghgible amounts of PO 4 were adsorbed 
The adsorption by ferritm of radioactive PO4 amounted to only 4 per 
cent of the PO4 originally present m this ferntm 
In order to determme whether the phosphorus of the micelle is locahzed 
on the surface or 13 distnbuted throughout the micelle, it would be neces- 
sary to remove the phosphate ivithout destroymg the ferritm This can 
be accomplished with ammomum magnesium citrate, by takmg advantage 

Table II 


Adsorplion of Radioactive Phosphate from Solution by Ferritin and Apoferritin 




lUdioacUve 
POi Icc pH 7 

Radioactive P 
found in crystalline 
material 

Radioactive P 
adsorbed 

5 cc 

apoferntin (50 mg dry weight) 

mi P 

0 1 

mt 

0 001 

ptr emt 

1 

5 “ 

femtm (50 mg dry weight) 

0 1 

0 004 

4 


of the great stabihty of apoferritm m dilute ammomacal solutions 10 
cc of femtm (120 mg dry weight) were treated mth 2 cc of (/5 Ji am- 
momum magnesium citrate After several days, the crystals of am- 
momum magnesium phosphate which had formed were centrifuged down, 
the clear solution was dialyzed free from NH4OH, and then the ferntm 
was crystallized out ivith CdS 04 Analyses for Fe and P were made on 
these crystals Although the iron decreased, it is seen from Table HI 
that the phosphorus decreased more rapidly than the iron If PO4 groups 
were present only on the surface of the micelles, the tendency should be 
to reach values for a femtm devoid of phosphorus The ratio of Fe P 
did decrease but not sufficiently, and it seems reasonable to mterpret the 
(^ta as mdicatmg that PO4 is present both on the surface and also bound 
Withm the micelle 

Conversion in Vitro of Ferric Ammonium Citrate (F AC) to Femtm Iron 
Ferric iron may exist m three paramagnetic states, namelj , those wnth 
Ij 3, or 5 unpaired electrons It was shown (3) that for even a simple 
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substance like feme chlonde, depending on its method of hydrolytic 
treatment, one could obtam mixtures of these states varymg from 1 
up to 5 unpaired electrons, but never a pure 3 impaired electron state 
It IS possible that these mtermediate values represented mixtures of the 
1 and 5 electron states Smee FAC could be mjected mto the blood 
stream and recovered from the hver as femtm iron, it becomes necessary 
to determme whether this conversion can occur m the blood stream or 
only m the hver cells, and whether the conversion is an enzymatically 
controlled process 

Dependmg on the method of preparation the magnetic susceptibihty 
of green FAC is found to vary Bellom (5) reports a compound of 3 Fe 
to 2 citnc acid molecules Preparation A (Table IV) was made on this 

Table III 


Removal of Phoaphorua from ilicetlea with Ammonium Magneatum Citrate 


Days of treatment 

Per cent Fe 

Per cent P 

Ko of Fe atoms 
to i P atom 

0 


1 27 

7 8 

2 


0 76 

10 8 

5 

11 9 

0 51 

12 9 


I 


Table IV 


Magnetic Momenta of Some Feme Ammonium Citrate Preparationa 


Preparation 

Composition of feme ammonium citrate 

pH 

Bohr magneloBS 

A 

Fe to citrate “32 

7 06 

4 67 

B 

FAC m shght excess of ammonium 

7 73 

5 69 


citrate 



C 

Commercial preparation | 

6 03 

4 67 


basis by mixmg 5 cc of 1 065 ii FeCb 6H2O with 5 66 cc of 1 46 m citnc 
acid, addmg 3 cc of concentrated NH4OH, and dilutmg to 25 cc Prepa- 
ration B was the radioactive material used for the conversion experiments 
m the dogs It was made by chssolvmg radioactive feme hydroxide in a 
shght excess of citnc acid, addmg concentrated NHjOH, and removing 
the excess NH^OH on a steam bath, this preparation therefore contains 
an excess of ammomum citrate Preparation C aas a commercial green 
iron citrate (Lilly) used for parenteral mjection 
In order to determme whether FAC can undergo a change m paramag- 
netism by mere contact with blood plasma, the FAC (Preparation A 
Table IV) was mixed with dog plasma, allowed to stand for half an our 
at 38°, and then measured magnetically Table V shows the resul 0 













S QRANICK AND P F HAHN 


665 


this experiment and mdicates that there is no appreciable change m mag- 
netic susceptibihty of FAC when mixed with serum, and a possible shght 
dimmution when diluted with water 
The possibihty suggested itself that the femtm micelles might mcrease 
m size by a kmd of crystal growth m the presence of either ferrous or feme 
iron At first this appeared likely from the data of the followmg experi- 
ment 5 cc of protem (either apofemtm or femtm) were mixed with 
0 5 cc of radioactive FAC, green-brown m color (==0 463 mg of Fe), or 
this FAC was reduced to the ferrous form with hydrosulfite after the mix- 
mg After the mixture stood overmght at room temperature, CdS 04 


Table V 

Pcuramagnetism of Feme Ammonium Citrate in Serum 


Solutions 

pH 

Bobr magnetoni 

10 cc dog plasma + 0 5 co HiO 

7 82 


10 “ HjO -f- 0 5 cc FAC, Preparation A 

7 38 

4 43 

10 " dog plasma + 0 5 co FAC, Preparation A 

7 68 

4 62 


Table VI 

Fadioaclive Iron UptaLefrom Feme Ammonium Citrate iy Protein 


Protein mntenal 

Level o( ondaUon 
of iroD 

Radioactive iron token up by 

Once crystal; god , 
matenal 

Tmce cryatallixed 
matenal 

Apofemtm (65 mg ) 

Fe+++ 

per unS 

9 0 

per cent 

1 1 

“ (55 “ ) 

Fe++* 

2 0 


Femtm (82 mg ) 

Fe+++ 

47 7 

42 0 

“ (82 “ ) 

Fe++* 

31 3 



* represents ferrous ammonium citrate produced by adding 5 mg of sodium 
hydrosulfite to the mixture 


was added, and the crystals were isolated, washed three times with 5 
per cent CdSOi to remove any adhering FAC, and the radioactivity meas- 
ured m order to determine how much iron had been taken up Although 
42 per cent of the FAC is taken up by femtm (Table VI), actually this 
represents only 0 19/14 8 X 100 = 1 28 per cent mcrease m non over 
that ongmally present m femtm Because of the small mcrease m mag- 
netic susceptibihty, magnetic measurements could not mdicate whether 
the micelles were able to orient the newly acquired iron m then own 
umque pattern 

The followmg experiment, however, mdicates that what is actua y 
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happening is not a micellar growth characteristic of ferntm but rather 
that colloidal micelles of brown or yellow ferric hydroxide, onginatmg in 
the FAC, become adsorbed to the ferntm micelles A freshly prepared 
green FAC similar to Preparation A, Table IV, was added to ferntm, 
which was then crystallized It took on about 2 5 per cent of the radio- 
active iron added When this FAC was treated with NHiOH to brmg 
the pH to 10, and the material then heated to remove excess NBhOH, a 
brownish yellow form of FAC appeared The ferntm adsorbed this ma- 
terial to the extent of 8 per cent If ferntm is heated to 80° m the pres- 
ence of physiological salme and freshly prepared green FAC, the ferntm 
will adsorb about 10 per cent of the radioactive iron added It should 
be pomted out here that if this accretion of iron micelles onto ferntm 
were the normal process m the hver, the ferntm isolated from the hver 
would not be expected to possess its characteristic constant value for 
magnetic susceptibihty 

The followmg experiments m vilro suggest that the synthesis of ferntm 
IS specifically catalyzed, although the extent of synthesis under these 
conditions was veiy low (around 0 2 per cent of the radioactive iron bemg 
mcorporated mto the isolated ferntm) 70 gm of fresh weight of gumea 
pig hver kept m the ice box overmght were ground m a blender with 50 cc 
of isotomc salme 4- 6 cc of horse apoferntm' (66 mg dry weight) The 
suspension was divided mto two equal portions of 60 cc each To Por- 
tion A was added 1 cc of radioactive FAC (=0 45 mg of Fe) This was 
stoppered, placed at 40° for 1 hour to facihtate reduction, and then shaken 
with air at 30° for 1 hour It was then heated to 80° and treated by the 
usual method for ferntm isolation as the crystallme matenal A pale 
colored ferntm resulted, the packed crj'stals havmg a volume of 0 073 
cc and havmg a radioactivity of 1438 counts per mmute The control, 
Portion B, was treated m the same m ann er as Portion A, except that the 
radioactive FAC was added to the hver suspension just before it was 
heated to 80° The crystallme materml isolated from the control had a 
volume of 0 070 cc and a radioactivity of 908 counts per mmute The 
radioactivity of Portion A is therefore about 58 per cent higher than that 
of the control Portion B 

In another experiment 80 gm of fresh gumea pig hver were treated with 
70 cc of isotomc salme -k 6 cc of apoferntm The suspension was di- 
vided mto two portions of 80 cc each To Portion A was added 0 5 


* The horse apoferntm was added so that a crystallme material could readily be 
obtained from gumea pig liver, the size and shape of the protein of gumea pig and 
horse livers bemg such that they crystallize together Thus even small amounts o 
ferntm molecules from gumea pigs could be handled In addition, the horse apofer- 
ritm even m the presence of enzymes from the hver of gmnea pigs might function 
to acquire ferntm iron nucelles 
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. J * ■fi'AO f-0 225 me of Fe), It was stoppered, placed at 

r^oss c^t, per — idijrd 

„»ted ^ the "“6 « w« pieced 

It was heated to 80“. 0 5 cc of radioactive FAC (-0 2M mg o 
added The volume of crystallme ferntm " portion 

radioactivity was 790 counts per mmute The ra^m 
A IS therefore 38 per cent h^her t a^^a^ had previously been 

Conversion in Vivo of FAC to -04 P ,vnR miected intravenously 

shown (1) that 13 days after raioac ive ™ the hver 

into a dog 82 per cent of ra^oactive non m 

Of the crystallme ferntm isolat^ from g ferntm 

of the iron was represented by the . ^yp,cal of the normal 

iron was shown to possess the magnetic 

ferntm non, namely, 3 8 Bohr determme how rapidly 

The foUoivmg experiments were Each of 

this conversion of mjected non into FAC (==9 2 mg 

three dogs was mjected mtravenoiw y njagnetons per gm atom 

of Fe) havmg a magnetic f c o ^nd^ hours The radio- 

of non The dogs were saenheed . brown solutions of 

activity of the spleens and hvers w^as e j^qF) and the crystallme 
ferntm + non-crystalhzable ferntm J- radioactivity also 

material designated as ferntm were iso have already been 

detemuned The vanous techmques supervised by Dr L 

desenbed (1) The magnetic measurements were supe 

Michaehs , ^be hver from the blood 

The speed with which FAC ^ injection, the hver has 

stream is evident from Table VI miected non The uptake of 

already taken up over 40 per cent of e 0 NCF fractions of the 

non by the spleen is seen to be neghgi e , vgr specific radioactiviti 
1 and 2 hour experiments appear to ave ^ conversion of newly 

than the non of whole hver, mdicatmg ^ P^f^^gr and the magnetic 
mcommg non mto ferntm non e m ^ are typical of pure 

moments of these 1 and 2 hour F + 

ferntm solutions , etnkmg deviation from 

However, the 5 hour experiment repr^ „„guinulated radioactive non 
the expected results Here, the hver radioactive non 

to the extent of 40 per cent of the non mjected, yet 
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has not been converted to ferntin iron since the F + NCF fraction was of 
a brown-yellow color and the magnetic moment was 4 72 Bohr magnetons, 
a value which is much higher than for normal ferntm (t e 3 8 Bohr mag- 
netons) No crystalhzable ferntm could be obtamed from this F -j- NCF 
fraction At the same time the spleen of this animal had been noted to 
be abnormally swollen and congested This abnormal behavior suggests 
that the hver could pick up the iron circulatmg m the blood stream but 


Table VII 

Conversion of Feme Ammonium Citrate into Ferntm Iron 







Dutnbu 



Time 





tlOQ of 



after 


Total Fe 

Total 

Specific 

labeled 

Color 

Magnetic 

injee 

tlOQ 


activity 

activity 

Fc as per 
cent of in 

moment 






jected Fe 







ciuntt 



Boir 

krj 


mt 


per film 



aatfuions 



per »»/ 







Ft 



aiam Fe 


Iniected radioac 

9 2 

PifgmTiTi 

29,800 

lOO 




tive ferno am 
momum citrate 
by vein 


m 





1 

Liver (178 5 gra 

80 4 

■iEWut!] 

1,405 

41 3 




fresh weight) 
lAverP-f NCF 

24 5 

51,300 

2,210 

19 8 

Red brown 

3 78 


“ ferntm 

5 48 

12,100 

2,210 

4 4 




Spleen (9 gm 


166 


0 06 




fresh weight) 







2 

Liver (255 gm 

118 

107,000 

1,410 

61 0 




fresh weight) 
Liver F-f NCF 

20 2 

59,600 

2,950 

21 8 

Red-brown 

3 SO 


“ ferntin 

5 50 

18,300 

3,290 

0 7 




Spleen (11 5 gm 




0 25 




fresh weight) 







5 

Liver (377 gm 

108 

115,000 

1,030 

40 7 




fresh weight) 
Liver F + NCF 

9 00 

51,600 

5,730 

18 8 

Brown yellow 

4 72 










that the enzymatic mechanism for convertmg it to ferntm iron was de- 
ranged In this connection it may be mentioned that the great vanation 
m ferntm content found m human hvers (6) and the occasional very low 
values suggest that derangement of ferntm synthesis may not be of un- 
common occurrence m man 

We wish to acknowledge our gratitude to Dr L Michaehs for his ad- 
vice and mterest m these studies 
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SUMMARY 

The approximate composition of the iron-nch miceUes of femtm 
pears to be (FeOOH). (FeC^OPO^H,) This ®truct,He^ supported by 
Lalytical data for the miceUar brown matenal spht off 
tern wth alkah, and the identity of the paramagnetic susceptibility of to 
material with that of intact ferntm The neghgible tendency 
to adsorb radioactive phosphate, and the difficulty of removmg of to 
phosphate from intact ferntm by means of f^o™ 

LgJ^t that the phosphate groups are distnbuted throughout 
prSably m linkage to the iron, this linkage being hydrolyzed by tote 
aZ at room tei^perature The density of the intact miceUes also lends 

Thtrr 0 “ n of radioactive fe- — ^ c^e ^ 
to ferntm has been studied The paramagnetic of toMepen^ 
on Its method of preparation Its parca^etism ^ 
changed when mixed ivith dog serum Ferntm may toe J ^ 

per cent of radioactive iron by mixture ivith a “ ntm 

Vac This IS shown not to be a specific cryst^e f “ 

micelles but rather an adsorption of feme hydro^de ^ 

ent m the FAC The mcubation of gumea pig bver bre with apo erritm 
and radioactive FAC, the subsequent isolation of ciystallme err , 
fc of ,.d.o.=lmty mdicK, that m.« f 

are the result ot metabohe syuthesB, perhaps due to a the 

By upeotreg pui.o.etrv. FAC retrave.ously . , 

femtm-nch fraction from liver (F + rvO nresent m 

hour after mjection over 40 per cent of the mjec injected non 

the hver In another dog, after 2 hours, 61 per cent 0 f 

was present m the liver The ferntm-nch f pa^amag- 

normal brown color and gives the characteris ic ''' g hours, 

netism of ferntm However, m a third dog sactoed after 
although the liver had taken up 40 per cent o e ^ 

nch fraction as isolated was pale brownish ye o j mech- 

magnetism of 4 7 Bohr magnetons, mdicatmg a derangement of 

amsm for ferntm synthesis 
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THE quantitative INCIDENCE OF CAEBONIC ANHY- 
DHASE IN THE CENTRAL NERVOUS SYSTEM 
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With the Assistance of Domthea V Chan 
(from the Blaclhurn Laboratory. Sa^r^t EhMs HospHal, Washington) 
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T Ml Hata were presented indicating that in seven 

speLs oflZols studied, .ucluduig ..u. 

tent of the spinal cord was approximately haH that of the cereD^ 

the enzyme accounted for by blood content 

The hypothesis was advanced that the greate y 
™.led",v.th qu.„t.tot,ve metuboUe levT 

which would play a part m establis mg eu r jjgurons or m cells 

It was suggested that the enzyme was either in the ne 

acc.sory?o them, and that it waa f la^ 

sorbed from the blood corpuscles whic differences m circu- 

ferences in content m the latter event, per ap might in turn 

latory activity, would represent a result of function, but mign 

modify metabolism differentially distribution of car- 

Further data constitutmg an mitial survey “ ^he “U 3,^^ 
home anhydrase m the central nervous system ar p 

experimental 

Technique— The techniques used have established, 

study of the human bram two levels 0 w j^^tter from the white 
one by removmg a gyrus and separating eg ^ “mtragyral 

This white matter immediately below t e gyrus are called 

white matter” Specimens taken after °^gf 'ied from the 

"subgy,.! to 

cortex than the mtragyral white ma patients who died 

was from a non-psychotic male, the others were from pat. 

m a mental hospital , c , 7 Prooression— Results from 

Increase tn Carbonic Anhydrase with the chicken 

SIX species of ammals are given m Fig order to get enough 

represents the pooled material from tnimea pigi three animals 

matenal for two levels m the spmal cor 0 ^^g j^pjmal 

were used Otherwise each curve recor ..pference to the general 

The mdices of content are placed centrally with referen 
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area studied, the Umitatioa of which was determmed by the necessity of 
collecting approximately a gm of material for the test Data on the 
cerebellum are excluded and will be consideied later In thirteen curves 
representmg five species, carbomc anhydraso increases rostrally 
Two curves on a steer and a calf are exceptions In both the carbonic 
anhydrase content of the cerebrum was definitely lower than that of the 



Fio 1 Progression of carbonic anhydraso content through the cord to the cere 
brum Findings for the cerebellum are omitted In the curve in which two sections 
from the cord of the gmnca pig are given, the material from three animals was pooled 
The curve for the chicken represents five animals pooled The mdices are placed 
approximately over the regions from which the samples were taken Th represents 
thalamus, Lt lenticular nucleus 

bram stem The content of the cerebellum was comparatively high in 
both animals The large amount of material from the medulla oblongata 
of the steer was tested in some detail and is charted in Fig 2 with the 
data for man 

Although m the cat, the dog, and the hog the carbomc anhydrase con- 
tent of the cerebrum was markedly above that of the pons-midbram 
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section, in Trinn this was not the case, a more limited rostral mcrease was 
found In five studies on men, mcreases in carbomc anhydrase were 
found through the cord, medulla oblongata, and pons These findmgs are 
charted m Fig 2 The lower third of the medulla was mcluded with 
the small piece of the cord obtamed The content for the upper two- 
thirds of the medulla oblongata was determmed separately The pons m 
three cases was divided mto rostral and caudal sections which m turn 
were spht mto nght and left parts 

A progressive mcrease was found from the upper cord to the rostral 
end of the pons But m contrast to the animals studied, the content 


so 



Fig 2 In man, progression of carbonic anhydrase content through the wrd P 
one third of the medulla, the upper two thirds of the medulla, one wea or “ 
of the pons, and, in Case A, the brain stem Progression through our com 
areas of the medulla in a steer Curve A, Case A, age 25 years , urve > 
age 42. Curve C, Case 8121, age 71 , Curve D, Case 8150, age f ^^26. 

age 82, Curve S, steer In Cases 8179, 8121, and 8150 separate deternunatio 
made on, matenal taken from the right and left aides of the specimens 


of the human cerebrum instead of bemg markedly higher was ei er o 
or approximately equal to that of the rostral section of the pons 
from the frontal pole containing white and gray matter o tarn ^ ^ 
putatmg a g 3 rrus gave lower figures than did the pons, t e s 
sample from the occipital pole of one bram also contam ’ 

but the values for the occipital pole m the remammg our 
higher than those for the pons r^^hr^im in 

Carlonic Anhydrase of Thalamus Compared mth ,, was 

,3/an.— The relative position of the enzyme content o e spared 
studied m five human brains The content of the ths'nmM 
with that of the subgyral white matter, the mtragyra w 
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the corte\ The results are given m Table I with, m contrast, a few data 
from animals in all of which a good margm of difference m favor of the 
cerebrum is shown Ift Case A values are given m detail from different 
regions of the hemisphere, the results from the remammg brains, for which 
m all twentj -three senes of determinations were made, are averaged 
The content of the cortex was found to be lower than that of the thal- 
amus, but the content of the intragyral white matter, the white matter 
immediately below the cortex, was m general higher 

Tabli, I 

RclaUonship of Carbonic Anhydrasc Conlc;il of Thalamus to Thai of Pallium 


Cubomc aab>druc units per (xa 


Caw No 

Thalamus 

1 Pallium 

Axca 

Subgyral 

Inlragyrai 

CorU* 

A Man 

38 2 

Frontal pole 

37 1 

42 0 

25 5 



Superior frontal gyrus 

37 6 

43 9 

32 8 



Parietal, area 7 

30 3 

43 5 

35 3 



.. 19 


54 1 

40 7 



Occipital " IS 

2S 6 

37 3 

31 7 



“ “ 17 

44 1 

48 2 

383 



Superior temporal gjrus 


38 5 

28 6 



Inferior 

40 0 

41 6 

2S7 



Middle 

37 8 

40 2 

29 4 



Temporal pole 

30 6 

34 4 

19 8 

7391 Man 

30 1 

Vverage 

26 4 

33 S 

27 3 

7995 " 

20 0 

41 


23 3 

19 9 

S026 “ 

21 5 

44 

23 6 

31 1 

23 8 

8121 “ 

24 -• 

44 

29 9 

33 6 

25 S 


23 4t 





Steer 

11 3 

13 5 



Hog 

17 2 

1 2-1 

1 



Cat 

32 7 

51 6 




25 1 

43 3 




• Sample from right aide of thalamus 
t Sample from left side of thalamus 


Daia on Disinbuhon of Carbonic Anhydrasc i» l\hite Matter — The rostra 
progression of carbonic anhydrasc content was studied m white matte: 
alone and data from four cerebrums are given in Table II Five differen 
levels, as measured from the penphery, were selected, although not 
were studied m each bram The lowest consisted of white matter 
the basal ganglia, next were the callosum and adjacent fibers, third i 
centrum semiovale, fourth and fifth the subgyral and mtragyral w i 

matter u ,1 a 

In the four brains there was defimte progression m carbomc anhy 
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content as the cortex ^\as approached, with probably an acceleration as 
the cortex was neared Four other brains studied, all from patients 
described as “absolutely inaccessible” and three of them aged 82, showed a 
less Hell defined gradient In the four more normal brains the ratios for 
the five categories considered, beginmng with the white matter at the level 
of the basal ganglia and ending with that of the white matter unmedi- 


Table II 

Carbonic Anhydrase Content in Human Cerebrum Sampled at Varying Depths 

beneath Cortex 


Case 

No 

Age 

Approximate depth 

DistributiOQ 

Aver 

age 





units 




units per gm 

per 

A 

8 

Level of basal ganglia 

31 9,32 2, 35 5 

33 3 



Callosum 

35 8 callosum, 35 5 corona radiata 

35 6 



Subgyral white matter 

41 5 frontal pole, 49 7 area 7* 

45 4 



Intragyral white matter 

42 9 “ “ 49 8 “7 

46 4 

B 

25 

Callosum 

30 0 




Centrum semiovale 

337 

33 7 



Subgyral white matter 

37 0 frontal pole, 37 6 superior frontal 





gyrus, 36 6 temporal pole, 37 8 area 





21, 40 0 area 20, 39 3 area 7 

38 6 



Intragyral white matter 

' 42 1 frontal pole, 43 9 superior frontal 





gyrus, 34 4 temporal pole, 40 2 area 





21, 41 6 area 20, 43 5 area 7 

41 6 

8076 

35 

Callosum 

34 7 splemum, 33 6 periventricular 

34 1 



Subgyral white matter 

44 5 frontal pole, 29 0 postcentral gyrus. 





50 9 area 7, 40 9 area 17 

41 3 



Intragyral white matter 

45 3 frontal pole, 42 9 postcentral gyrus. 





45 3 area 7, 56 7 area 17 

48 1 

8121 

71 

Callosum 

21 9 genu, 24 6 corpus, 23 3 splemum 

23 2 



Centrum semiovale 

29 8 frontal area, 24 6, 21 7, 26 1, 26 6 





subrolandic 




Subgyral white matter 

29 8 frontal pole, 30 0 area 7 




Intragyral white matter 

30 2 “ ■■ 36 9 “ 7 1 



* Areas 7, 20, and 21 are approximately Brodmann’a areas 


ately below the cortex (on the basis of 30 for the callosum), averaged 
28 I 30 0 32 9 37 9 41 6 

' Carbonic Anhydrase Level of Cerebellum in Relation to Cerebrum The 
enzyme content of the cerebrum was compared with that of the cerebellum 
in eight species of animals In man the content of the cerebellum was 
S’ approximately equal to or less than that of the frontal pole In the four 
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hogs studied the content of the cerebellum was far below that of the 
cerebrum In two cats it was approximately equal m the two areas, 
while m the steer, the gumea pig, and the chicken the carbomc anhydrase 
content of the cerebellum was defimtely greater than that of the cerebrum 
In the steer and a calf a very low content of the cerebrum gave the cere- 
bellar findmg a preponderance of 150 to 200 per cent Although no large 
numbers of animals have been exammed m each group, the results m man. 


C^r«- 
b«l rain 


Cora- Care- 
brum ballum 


X. 


\ 


90 


so 


\ 


Rota. 

•wiiTla* 


Cere- 

brum 


\ 

70 





Fig 3 Relationship beti\ een the carbonic anhydrafie content of the cerebrum and 

cerebellum in various species 


gumea pigs, and hogs, which mclude the greatest number of analyses, 
support the suggestion that the relationship tends to vary with the species 
These results are given m Fig 3 


DISCUSSION 

There tends to be considerable similarity m the pattern of quantitative 
distribution of carbomc anhydrase m the central nervous system m m 
viduals of the same species, with differences among species As an ex 
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ample, the data on the two cats run parallel in five areas studied, while 
determinations in three areas m the central nervous system of a steer and 
a calf give parallel findings of a veiy different pattern from that seen in 
the cats As has been pieviously reported, seven sections fiom two spmal 
cords of hogs gave no carbonic anhydiasc not attributable to blood con- 
tent ((1) Table III), while the cerebral content was fairly high and the 
cerehelluin contained definitely less than the cerebrum In gumea pigs, 
on the other hand, carbomc anhydrase was present in the cord, the con- 
tent of the cerebrum was mtermediate between that found in the og an 
the low content of the steer, while the content of the cerebeUim w^ 
greater than that of the cerebrum by appioximately 50 per cent ih 
ratio of enzyme content of the cerebrum to that of the cerebellum tends to 
show a consistent species difference In the gumea pig, the rat, and the 
steer, the cerebellar content is greater than that of t e 
hog fc teoerse oi th« ciuie A coMisteDl dUeren.o l« be 
later, has also beea found between the pattern of 
anhydrase m the cerebrum of man as compared wit o er am 
A tendency for an increase m carbomc anhydrase m a rostral direction is 
Illustrated m the spmal cords of the cat, the dog, and f ® ^ P'^^o 
more than one level of the cord has been examme n > 

cat, hog, and gumea pig the enzyme content of the cerebrum 

mtely greater than that of the bram stem But m ^ although 
steer, the cerebrum did not show a maximum whe nons The 

well defined gradients were found from the cor t oug defined m 

difference between the thalamus and the cere lum was 
four animals studied m favor of the cerebium u i 
brams studied, the supenonty of the cerebrum cortex The 

generally limited to the white matter immediate y e o ,vluch was 

exception was found m the rolandic area, the niatter 

below that of the thalamus lu te matter passing 

alone show a progressive increase lostrally 

the basal ganglia to white matter immediately e ow ® seems 

Altheuji eL% parallel data are u.t »d oWe 

to be a relationship between carbomc aidiy ^ relation to 

uptake This has been discussed elsewhere (.(, ) mitenal studied 

findmgs by Dixon and Meyer and by Bass anhydrase deter- 

was apparently the same as that upon whic j. ijgjn between the 

minations were made by me Theie is a so p , ^ bram of 
relative oxygen uptake m the presence /oh ^od the carbomc 

the cat, dog, lat, and man by Quastel and \ e ,tu„u„b the findmgs 
anhydrase content found by me m ’ gggat work by Craig 

for the gumea pig are out of harmony 'Vi , ii„ and cord of the 

and Beecher (4) on the O 2 uptake of the cor ex, 
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cat in winch the ratios 100 34 12 were found, my results for carbonic 
anhydiase aie in substantial agi cement Ihe cortex and undeilying white 
mattei, which m the cat would i educe the latio, were used by me, and 
instead of the medulla only, I used the niLdulIa jdus pons and nudbram 
Foi these pirts the latios of cirbonic anhydrasc content weie 100 G8 39 
My findings foi the carbonic anhydrasc content are m general in harmony 
with the extensive woik of Himwich and Fazekas (5) on oxygen uptake 
and differential survival of levels of the central nervous system It would 
seem that these parallelisms aie more than a matter of chance and mdi- 
cate that carbonic anhydiase plays an essential part m the metabolism 
of the central nervous system 

With respect to carbonic anhydrasc in the blood, we have the situation 
in which carbon dioxide produced in all the tissues of the body has to be 
excreted in the comparatively small area of the lung This is accom- 
plished in the necessary tune through the mediation of carbonic anhy- 
drase (6) Although the total metabolism of the central nervous ^stem 
IS not of a different order from that of other active tissues and there is 
no condensation of the area through which excretion must take place, m 
nerve tissue there is a condensation in tmic not found in the needs of 
other tissues The passage of a non c impulse mvoK cs metabolism which 
must take place m milliseconds and it is possible that carbonic anhydrase 
may facilitate this extremely rapid metabolic progression Mann, Tennen- 
baum, and Quastcl (7) and more recently Nachmansohii and coworkers 
(8, 9) ha\c related acetj Icholinc production to caiboliydratc metabolism 
Nachmansohn has postulated the thesis that the progress of a nerve im- 
pulse IS due to the production and destruction of acetj Icholme w Inch pro- 
duces changes in surface charge If such a mechanism, dependent upon 
caibohydrate metabolLsm, is responsible for nerve conduction, it is con- 
ceivable that carbonic anhydrase may be a contributing factoi to the rate 
of this progression 

Exactly how the enzyme might function cannot be postulated w ith our 
present incomplete knowledge of the events leading to the metabolism 
of carbohydrate m the brain Two possibilities suggest themselves one 
that the enzyme might facilitate the lemoval of CO , the other that it 
might produce a local pll, optimum for some enzyme functioning in the 
chain of reactions (suggested by Dr Mary Maver) With reference to 
the removal of CO 2 1 believe we lack evidence as to the state in which the 
COi comes out of the metabolic chain, whether as COj or in the ionized 
form If it leaves as lECOs, then conceivably carbonic anhydrase might 
be useful m changing the ionized form to CO , the form more easily escap- 
ing through the membrane If it leaves as CO 2 , then a local change to 
the ionized form might be useful to facilitate solution with a reversal at 
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the mcmbv me Ou the othei hand if the enzyme were outside the neuion 
m accessory cells oi m the sheath, it might facilitate the lemoval of CO. 
by changing the gas into the ionized foim as it came through the cell 
nfembrane Ihe leceiit icveisd of dccaiboxylation that has been demon- 
strated 111 othei tissues with the labeled caibon atom (10) makes an inhibi- 
tion by CO. seem a probability, while on the clinical side we have evidence 
of a STOilarity of effect of CO. and of the drugs which depress brain metab- 
olism as used in “narcoanalysis ” , 

Carbonic anhydrase might contiibute to the dominance o ® 

over another by making possible greater speed of stimulation at the domi 
the Zer hand, for the —ion of ^ 
of nerve cells, an mcrease might be necessary upon subdivision of a tiber 
as the synapse is approached, to allow the production of energy adequate 
for the LrLed surface essential to this subdivision, smee the conduction 
of a nerve impulse is a surface phenomenon 

SUMMARY 

1 Carbonic anhydrase is found m the ' ^^’^^rToTel 

ous species of ammals in patterns which ten o e content have 

2 Progressive rostral increases in carbonic anhydrase content 

"T » (ound m te *le matter, “ 

mount ,« tho white matter than m the gray It w possible 

tions more specifically ivith reference to relationship 

4 The findmgs are discussed in the light of their possible 

to the functionmg of the central nervous system 

I ivish to express appreciation of the .'f m orientation 

stress and Miss Meta Neumann in selection o ™ Elinor Eaton in 

with respect to its significance and for the work of Mrs Elinor ii- 

the preparation of this manuscript 
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REVERSIBLE INACTIVATION OF THE ADENOSINETRIPHOS- 
PHATASE ACTIVITY OF MYOSIN PREPARATIONS 
WITH COPPER AND CYANIDE 

Sirs 

During the course of an mvestigation of the properties of human myosin 
isolated from patients •ftuth progressive muscular dystrophy it became 
necessary to devise methods which would assure constancy of the adenosme- 
tnphosphatase activity of duphcate samples of a preparation Traces of 
copper added to myosm preparations completely inhibited the enzymatic 
activity The effect of copper was nullified by the addition of cyamde 
Cyamde, however, mcreased the enzymatic activity of fresh preparations 


Table I 

Efecl of Cyanide and Copper on Adenosinelnphosphatase Activity of Myosin 

Preparation 

1 CO o£ myosm solution contaming 0 2 mg of N with adenosine 
(270 7 of labile P) in 5 cc of KCl-CO, buffer, 0 5 mg of CaClj per oc Incubate 
nunutes at 37° — 


Myosm 


Preparation 

P 

liber 

ated 


y 


34 

+ 0 04 M cysteme 

48 

+ 0 001 “ NaCN 

46 

+ 0 005 “ “ 

43 

+ 0 01 “ “ 

41 

+ 01 “ “ 

14 


Preparation 


Myosm + copper sulfate 

n ft ** -|" 0 005 11 

NaCN 

Oxidized myosm (foot note 2) 

.. “ + 0 005 M NaCN 

« -r 0 04 “ cysteme 


of myosm (isolated by the procedure of Weber an ey 
preparations which had been mactivated by ovidation wi pe , , ^ 

action of cyamde is quantitatively analogous to that of cys m 
higher concentrations of cyamde inhibit the enzymatic 

of .^o» ob«med by > S 

is extracted with a buffer contammg copper and, alter prec v 

‘ Weber, H H , and Meyer, K , Biochem Z , 266, 137 (1933) 

» Ziff, M , J Bwl Chem , 163, 25 (1944) 

681 


682 


LETTERS TO THE EDITORS 


dissolved in a buffer containing cyanide have been found to have a con- 
sistently higher enzymatic activity than those preparations m which 
cyamde buffer was used m the extraction The preparations extracted 
with cyamde buffer, m turn, have a greater enzymatic activity than those 
prepared with the simple buffer, even though similar amounts of cyanide 
are present m the test of activity 

The data given m Tables I and II were obtamed with preparations from 
rat muscle The buffer containmg copper was prepared by addmg enough 
copper sulfate to saturate the buffer and the excess cupric hydroxide was 
removed by filtration 


Table II 

Comparison of Methods of Exlraclion of Adenosinetnphosphalase Activity 


1 CO o{ myoain containing 0 2 mg of N tested as in Table I 



Method of extnctloQ 

Activator added 

P liberated 

Plain 

buffer 

0 001 M NaCN 

7 

45 

Cyamde 

tt 

0 001 " 


71 

Copper 

tt 

0 001 “ 

tt 

82 

<1 

<< 

0 01 “ 

ii 

133 

(1 


0 03 " 

If 

60 


The data obtamed are mterpreted as bemg m agreement with the hi^ioth- 
esis that sulfhydryl groupmgs of the myosin molecule are functional 
umts m the cleavage of phosphate from adenosme triphosphate Detailed 
studies of the effects of copper and cyanide on the birefrmgence of flow 
of myosm and the utihzation of copper in the purification of myosm will be 
presented m a future commumcation 

United States Naval Medical Research Unit No 2, Fbascis Binklet* 
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Medieal Research Chables L Hoaolasd 

New York 
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Dehytogems. actmty . «■!'«- KwlrS 
substate by the “** j“^l‘„sutioi. time of methylene blue m the 

(Warburg technique) or by the a Watpr-soluble dehydrogenases 

to. of owb (Tbmibers f mpid »b.l« 

Buffer surface denaturation md ar ^ ^ otherwise 

required to maintain equdibnum '''f ^ Thunberg techmque 

satisfactory Warburg technique ® , methylene blue and complete 

requires the addition of a cons an a drawbacks may be 

removal of ox'ygen from the reaction chamber 

ehnunated by the foUowmg device Klett-Summerson 

A14 X 125 mm standard taper 

photoelectnc colorimeter is onto the tube m such a 

jomt A side arm with a glass stoP'^c ^^j^^^eter The arm of an 
way that it will not mterfere with use ^oore for 

mner 14/35 standard taper jomt is sealed off and curve 

a side bulb j » oide bulb and heated to boihng 

1 ml of 5 per cent substrate is ^aced m . t,lue (or sufficient 

for a few seconds 5 ml of 0 00 P®^ , ^^oded m the mam tube Both 
to give a readmg of about 500) are s enzyme preparation and 0 

are cooled to 37’ 0 5 ml of tissue “^Jthen added to the 

ml of "Kochsaft" or codehydrogenase pr p evacuated to a 

mam tube The side bulb is put m P^^ce nor desuable to 

pressure of 40 to 50 mm of Hg It is end the contents 

remove all of the oxygen The stoP,c^^ ^ Snmeter, equipped wffi a 
of the tube mixed It is then m the c ^ Intion 

No 66 red filter After 5 to 15 ® Jor decreases linearly with 

becomes exhausted and the methylene co^^ ,n^e 

time except for small penods at t e n measure of 

The rate of decrease of the colorimeter re g ^gj^^^nted with Imo^^ 
of dehydrogenase present ^ of water, m terms of co o 

amounts of methylene blue dissolve i-mr Presence of red or ro 

eterumtsper mole of methylene blue per preparation does not 

color or finely suspended material m the enzym 

mterfere with the method measure glutamic, 5 *jc . 

This apparatus has been success ^ ^ vanous hver PccP^*" . 

Buccmic, citnc, and alcohol deby oge . n may be made wi 

Studik of the effect of substrate concentration 
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apparatus by evacuating most of the oxygen and extrapolatmg the de- 
colonzation curve back to the tune of mixmg 

Division of Biochemislry Aujbbt C Walkeb 

University of California Medical School Cabl L A Schmidt 

Berkeley 

Received for publication, August 25, 1944 



A PHOSPHORYLATED DERIVATIVE OF PYRIDOXAL AS THE 
COENZYTME OF TYROSINE DECARBOXYLASE 
Sirs 

Pyndoxme denvativea have been shown to be involved in the decarboxy- 
lation of tyrosme ‘ More recently it has been demonstrated^ that cell 
suspensions of Slrepiococcus faecalis R’ harvested from a medium deficient 
in “pseudopyndoxine" are unable to decarboxylate tyrosme, yet they 
acquire this function upon the addition of pyndoxal * 

We have now been able to obtain a dried cell enz3Tne preparation from 
Slrepiococcus faecahs R grown m a medium deficient m “pseudopyndoxme” 
similar to that used previously * This preparation decarboxylates tyrosme 


Tyroitne Decarboxylation by Enzyme Preparations from Streptococcus faecalis JJ 
Per Warburg cup, m/30 phthalate, m/180 tyrosme, 10 mg in vacuo of dned cells, 
with Preparation HI also m/2 phosphate, pH 5 0, 28“ 


AddiUooa p«r cup 



Preparation HI 

None 

®co» 

4 0 

<?co, 

6 4 

®COt 

8 4 

2 7 pyndoxal 

4 5* 

11 1 

9 8 

1 mg ATP 

4 0 

4 1 

6 0 

Both 

20 5 

39 7 

57 2 


* In quantities of pyndoxal up to 100 y no increased stimulation was found 


very slowly, is shghtly stimulated by the addition of pyndoxal, but is 
markedly stimulated if supphed with pymdoxal and adenosme tnphosphate 
(ATP) As ATP supphed without pyndoxal has httle effect (or is shghtly 
inhibitory), these results would mdicate that pyndoxal is converted mto 
a phosphorylated denvative which is active as the coenzyme of tyrosme 
decarboxylase The addition of muscle adenylic acid plus pyndoxal does 
not mcrease the rate above that with p3mdoxal alone The stimulation 
of tyrosme decarboxylation upon the addition of pyndoxal to hvmg cells 
IS attnbuted to the availabihty of ATP which may be used for its phos- 
phorylation 

Treatment of pyndoxal with thionyl chlonde and the removal of the 

' Gunsalus,! C ,andBeUamy,W D ,J Baci ,47,413 (1944) 

Gunsalus. I C , and BeUamy, W D Biol Chem , 165, 357 (1944) 

* American Type Culture Collection No 8043, under name of Streptococcus lactis E 

* We wish to thank Dr E E SneU, and Merck and Company, Inc , for samplea 
of pyndoxal 

‘ BeUamy, W D , and Gunsalus, I C , / Bact , in press (1944) 

685 




684 


LETTEES TO THE EDITORS 


apparatus by evacuatiflg most of the oxygen and extrapolatmg the 
colonzation curve back to the tune of nuxmg 
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STUDIES ON METHODS OF INCREASING FOLIC ACID ACTIVITY 
IN LIVER FRACTIONS AND IN YEAST* 

Sira 

Wlule studying the properties of vitamms Bjo and Bn and fohc acid,i 
we noted an unexplained increase m fohc acid activity, as measured with 
Strepiococcua lacUs and Lactobacillus casei - For example, treatment of 
vanous purified liver fractions m acid solution with ultraviolet hght’ often 
resulted m an actual mcrease m fohc acid activity Further work showed 
that treatment of these fractions with acid or base alone caused a marked 
nse m their apparent fohc acid content 


Mitenil tested 

Treatment* 

Tune 

Ho o{ 
samples 

Folic sadactivityf 

Preparation 

Control 

Ars 

4 

T#"’ xm 

0 07 (0 05-0 09) 

214H 

pH 3 

4 

3 

0 69 (0 63-0 75) 


“ 3 (boiling) 

4 

1 

0 45 


“ 4 

4 

2 

0 71 (0 61-0 80) 


“ 4 

6 

1 

0 85 


“ 7 

4 

1 

0 10 


0 1 N KOH 

4 

1 

0 10 

Yeast (An- 

2 N KOH 

1 

1 

0 81 

Control 


3 

0 28 (0 18-0 34) 

heiiser- 

pH 3 

4 

2 

6 8 (5 2 -8 3) 

Busch, 

2nKOH 

1 

2 

4 6 (3 6 -6 0) 

Strain C) 

Taka-diastase (37°), pH 

24 

1 

5 8 


4 5 

pH 4 5 (37°) 

24 

1 

5 4 


samples were autoclaved at 15 pounds pressure unless otherwise noted 
t Expressed in terms of the standard, vitamin per gm of starting material 
(or Its equivalent) 


The best results which we have obtamed with a typical fraction from 
ver (Preparation 214H, a dialysis residue of the 75 per cent acid alcohol 
trate of the Super Filtrol eluateU <tnd from yeast are given m the table 

R indebted to Parke, Davis and Company, Detroit, Michigan, for vitamin 

c, and to Miss Anita Ziegenhagen and Mrs Kobert Alberty for assistance in various 
phases of the work 

‘Bnggs, G M , Jr , Luckey, T D , Elvehjem, C A , and Hart, E B , / Biol 
Chem , 163, 423 (1944) 

T D Briggs, G M , Jr , and Elvehjem, C A , J Biol Chem , 162, 157 

Mitchell, H K , and Williams, R J , J" Am Chem Soc , 66, 271 (1911) 
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LETTERS TO THE EDITORS 


Autoclaving the sample mth either acid (pH 3 or 4) or 2 n KOH caused the 
optimal increase m S lochs activity In each case the L caset activity 
corresponded ivell with the S lochs value, however, there was even a 
greater increase ivith yeast as measured with L casei (a 42-fold increase 
at pH 3, 4 hours) Other substances, such as Liver Fraction L and cer- 
tam purified hver fractions, also gave appreciable mcreases The presence 
of a reducmg agent such as ascorbic acid or Na^SiO^ during autoclaving 
under the acid conditions appeared to favor the mcrease 
The Texas group* has shown that the apparent fohc acid content of 
various materials may be mcreased several fold by treatment with taka- 
diastase at pH 4 5 to 4 7 We have tested our Preparation 214H and yeast 
under these conditions and found no mcrease m S lochs or L casei activity 
which could not be accounted for by treatment with acid alone (see the 
table) Likewise Bmkley et ol ® have reported (as the Texas group’ and 
we= have mdicated) that certam yeast and hver extracts contained a 
“conjugate” of ^utaimn which had high microbiological activity following 

“enzymatic digestion ” Agam, as is seen m the table, it is entirely possible 
that the mcrease m activity was due to the acid or base present and not to 
the enzyme itself 

It is impossible to tell at the present tune whether the mcrease is due 
entuely to an actual hberation of bound fohc acid or to a modification of 
the molecule Further work on this problem and on the relation of the 
mcrease m microbiological activity to vitamms Bjo and Bn iviU appear m a 
later paper 

Department of Biochemiatry 
College of Agrtcullure 
Univeratty of Wisconsin 
Madison 

Received for publication, September 19, 1944 

* Cheldelin, V H , Eppright, M A , Snell, E E , and Gmrard, B M , Univ Texas 
Pub , No iS37, 15 (1942) 

‘ Bmkley, S B ,Bird.O D , Bloom, E S , Brown, R A , Calkins, D G .Campbell, 
C J , Emmett A D , and Pfiffner, J J , Science, 100, 36 (1944) 
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ISOLATION OF A PEPTIDE OF p-AMINOBENZOIC ACID FROM 

YEAST 


Sirs 


p-Aminobenzoic acid (PAB) specifically reverses the bacteriostatic action 
of the sulfonamides ' The view is currently held that the bacteriostatic 
effect IS the result of competitive mhibition by sulfonamides of an enzymatic 
process m which PAB participates We undertook an mvestigation of the 
forms m which PAB occurs m yeast m the hope that the information so 
gamed might provide a clue to possible enzymatic functions of PAB 
We have isolated from 50 kilos of dried yeast* about 400 mg of a poly- 
peptide (over-all yield 2 per cent) which contains 8 0 per cent PAB and 
10 5 per cent N The mam steps m the isolation procedure are (1) pre- 
cipitation of the peptide as the silver salt from the neutrahzed trichloroacetic 
acid filtrate of dried yeast suspensions, (2) precipitation as the lead salt 
from an acidified aqueous alcohol solution of the silver salt, (3) conversion 
of the lead salt to the banum salt, and fin a ll y (4) fractional precipitation 
of the free peptide from alcohol-ether or alcohol-acetone mixtures 
Blanchard, who was the first to isolate free PAB from yeast,* has pre- 
sented evidence to mdicate that “yeast also contains a combmed orm 
of p-ammobenzoic acid from which this substance is hberated dunng a^o 
ysis ’’ It appears very likely that the peptide which we have isolat^ la 
identical with his combmed form of PAB The peptide has no antis ona 
nude activity but free PAB is hberated by hydrolysis m strong acid or 
alkah and then shows the characteristic antisulfonanude effect 
to confirm the identity of the PAB component, a sample of t e ^p i 
contammg 10 4 mg of bound PAB was hydrolyzed m 20 per cent UOi a 

100° Liberated PAB m 70 per cent yield was separated by et e^ 

and converted to the picryl denvative m 74 per cent yield P 
three recrystalhzations) 281-283°, uncorrected, m p of 
ammobenzoic acid 284-285°, imcorrected, mixed mp ^ , 

corrected Analysis of a 2 7 mg sample showed C 44 0 per cent. 


theory, C 44 8 per cent, H 2 3 , j ^ 

kGlutamic acid hydrochloride was isolated m , „„i„Hon 

oi , „ , , •’ . r ,27 toK 4° (2 4 per cent solution 

mg of a less pure preparation lajo — t a+ lonsf. 80 

•a 1 N HCl) Nitrogen (Kjeldahl) 7 7 per cent. 


t.hporv 7 6 At least 80 


* Woods, D D , Bnt J Exp Path , 21, 74 (1940) , Laboratories for a 

* We are indebted to Dr Charles N Frey of The Fleiso 

generous supply of dried yeast 
‘ Blanchard, K C , / Biol Chem , 140, 919 (1941) 
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Binkley, 39 

Cystine Liver lipids, effect, Homingand 
Eckstein, 49 

Methionine conversion tn vivo, mcch 
anism, du Vigneaud, Kilmer, Ra 
chele, and Cohn, 646 


D 

Decarboxylase Tyrosine, coenzyme, 
pyndoxal phosphorylatcd denva 
tivc, relation, CfunzoIiM, Bellamy, 
and Umbreil, 6^ 

Dehydrogenase Activity, detenmna 
tion, Thunberg techmque, Walker 
and Schmidt, 683 

a Ketoglutane, tissue, Ochoa, 87 
Desoxycortlcosterone Pregnanediol 
3(a), 20(a), conversion, Hormtl, 
Dor/inan, Shipley, and Pish, 213 
Deuterium Carcass glycogen turnover, 
uso in study, Sletlen and Boxer, 231 
Liver glycogen turnover, use in study, 
Stetlen and Boxer, 231 

Diabetes Lactic acid and pyruvic acid 
relationship, Chesler and Himmch, 

413 

Diet Essential factor, guinea pig, ran 
Wagtendonk, 337 

Hair vitamins, water soluble, effect, 
Xocak and Bergetm, 283 

Dlketoplperozlne Acyl, transformations, 
Bergmann and Tielxman, 335 

S 

Enzyme(s) Acetyl phosphate synthesis, 

Lipmann, ^ 

Co , determination, colorunetric, 

Haas, 333 

— , tyrosine decarboxylase, pyndoxal 
phosphorylated derivative, relation, 
Gunsalus Bellamy, and Umbreit, 

685 

Liver, cystathionine cleavage, Binkley, 

39 

Renin specificity, Plentl and Page, 
363,379 

Respiratory, atabrine effect, 

— , quinine effect, Haas, 321 

Streptococcus lactis stimulating factor, 
substances convertible to, deter 

mination, Afims, Totter, and Day, 

401 

See also Adenosinetnphosphatase, 4n 
hydrase, Arginaso, Decarboxylase, 
Dehydrogenase, Lipase, Oxidase, 
Pepsin, Proteinase 
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Epidermis Carcinoma, squamous cell, 
raethylcholanthrene induced, chem- 
istry, Carruthers and Smlzeff, 459 
Ethet(s) Glycerol, naturally occurring, 
Baer, Rubtn, and Fischer, 447 

F 

Fasting Glycogen formation, glucose and 
lactate effect. Boxer and Sietten, 

237 

Fat(s) Colostrum, fatty acids, Baldwin 
and LongenecKer, 407 

Fatty acld(5) Colostrum, Baldwin and 
LongenecKer, 407 

Ketone body synthesis, isotopic car- 
bon as tracer, Weinhouse, Medea, 
and Floyd, 143 

Metabolism, Weinhouse, Medea, and 
Floyd, 143 

Ferritin Granich and Hahn, 661 

Iron, conversion, iron uptake, liver, 
relation, GranicK and Hahn, 661 
Folic acid Cotton, Sherwood and Singer, 

361 

Liver fractions, activity, Briggs, 
Luckey, Elvehgem, and Hart, 687 
Yeast, activity, Briggs, Luckey, Elve- 
hjem, and Hart, 687 

Food(s) Tryptophane determination, 
microbiological, Greene and Black, 

1 

G 

Glucosan Poly-, tubercle bacillus, avian, 
isolation, Chargajff and Moore, 493 
Glucose Glycogen formation, fasting, 
effect. Boxer and Sietten, 237 

Glucose-6-phosphate Determination, 
micro , Haas, 333 

Glutamic acid Protein hydrolysates, 
determination, microbiological, 
Dunn, Camien, Rockland, Shank- 
man, and Goldberg, 591 

Glutaric a Keto-, dehydrogenase, tissue, 
Ochoa, 8^ 

Glycerol ether(s) Naturally occurring, 
Baer, Rubin, and Fischer, 447 
Glycogen Bacteria, Chargaff and Moore, 

493 


Glycogen — Continued 
Carcass, turnover, deuterium in study, 
Steilen and Boxer, 231 

Formation, fasting, glucose and lactate 
effect. Boxer and Sietten, 237 

Liver, turnover, deuterium in study, 
Sietten and Boxer, 231 

Growth Bacteria, d leucine effect. Fox, 
Fling, and Bollenbaek, 465 

Lactobacillus casei, Chu and TFiIitams, 

9 

Liver and hepatoma nucleic acids, 
relation, Brues, Tracy, and Cohn, 

619 

Guinea pig Diet essential, van Waglen 
donk, 337 

H 

Hair Vitamins, water soluble, diet ef- 
fect, Novak and Bergeim, 283 

Hepatoma Nucleic acids, metabolism, 
growth relation, Brues, Tracy, and 
Cohn, 619 

Hormone (s) Steroid, metabolism, Hor- 
will, Dorfman, Shipley, and Fish, 


Insulin Liver, fatty, pancreatectomy 
and, pancreas fractions, effect, En- 
tenman, Chaikoff, and Montgomery, 

573 

Intestine Small, physiological saline, 
effect, Bucher, Flynn, and Robinson, 

305 

Iron Blood plasma, determination, 
Kilzes, Elvehjem, and Schuetle, 653 
Clostridium welchii carbohydrate 
metabolism, Pappenhemer andShas 
kan, 265 

Ferritin, conversion, liver uptake, 
iron, relation, Granick and HaJin, 

661 

Uptake, liver, ferritin iron, conver 
sion, Granick and Hahn, 661 

Isinglass Ammo acids, Becendgc and 
Lucas, 547 

J 

Jerrine Pseudo , Vcratrum vtndc, 
Jacobs and Craig, 565 
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K 

Ketoglutaric dehydrogenase a , tissue, 
Ochoa, 87 

Ketone body Synthesis, fatty acids, 
isotopic carbon as tracer, Wetnhouse, 
Medes, and Floyd, 113 

Ketosis Morehouse, 33 

Kidney Phosphorus, acid soluble, diet 
deficiency, effect, tan Waglendonk, 

337 

Tyrosine metabolism in uiiro, vitamin \ 
C deficiency, Lan and Scalock, -183 

L 

Lactate Glycogen formation, fasting, 
effect, fJoicr and Stellen, 237 

Lactic acid Pyruvic acid relationship, 
diabetes, Chcsler and Htmwtch, 413 
Lactobacillus easel Gronth, Chu and 
Williams, 9 

Lactobacillus fermentum Thiammo do- 
temiination, use, Saretl and Chel- 
delin, 153 

Lactogenic hormone Pituitary, Lt, 45 
— , detergent, effect, Li, 45 

Legume(s) Root nodules, pigment, red, 
Burns and Haas, 227 

Leucine d , bacterial gronth, effect, 
Foi, Fling, and BollenbacK, 465 
Metabolism, Bloch, 255 

Tissue, determination, Schwcigcrt, 
Mclntire, Eliehjcm, and Strong, 183 
Leucosis Blood plasma and serum, elec I 
trophoretic study, Sanders, Huddle 
son and Schaible, 469 

Linseed oil Hydrogenated, partially, 
metabolism, Morehouse, 33 

Lipase Ricinus, activity, salts, effect, 
Tong and Hsu, 137 

— , utilization, Yang and Hsu, 137 
Lipid (s) Liver, casein effect. Horning 
and Eckstein, 49 

— , cystine effect, Horning and Eck- 
stein, 49 

— , methionine effect. Horning and 
Eckstein, 49 

Phospho See Phosphohpid 
Liver Enzyme, cystathionine cleavage, 
Binkley, 39 | 


Liver — continued 
Fatty, pancreatectomy and ini^ 
pancreas fractions, effect, Entcn[ 
Chatkoff, and Montgomery, ^ 
Fractions, folic acid activity, Bi_ 
Luckey, Eliehgcm, and Hart, , 
Glycogen, turnover, deuteriui^' 
study, Stetten and Boxer, i 
Iron uptake, ferritin iron, conver 
Granick and Hahn, ! 

Lipids, casein effect. Homings 
EclMein, ' 

— , cystine effect. Horning andf 
stein, j- 

— , methionine effect, Homing^ 
Eckstein, ^ 

Nucleic acids, metabolism, grontt 
lation, Brues, Tracy, and Cohn,k 
Phospholipid choline, separation, c 
rog, Entenman, Fries, and C/iajj 

1 ' 

Phosphorus, acid soluble, diet P 
ciency , effect, ion IFagicndoni, 
Tyrosine metabolism in intro, viti 
C deficiency, Lan and Sealock, j 

1 ' 

M 

’( 

Methionine Cystine conversion, in 
mechanism, du Vigneaud, Ail^ 
Rachcle, and Cohn, ; 

Liver lipids, effect. Horning and) 
stem, ^ 

I Methylcholanthrene -Induced a 
cinonn, squamous cell, chennlj 
Carrathers and SunUeJf, >s 
Methyl - 3 - hydroxy - 4 - carboxy i 
hydroiymethylpyridine 2 , ffnipt 
PerlzKcig, 

— , chemical constitution, HuS ^ 
Perlzxceig, < 

— , isolation, urine. Huff and Perl i ^ 

'll 

— , synthesis, Huff and Perl.uteig, ^ 
Milk Riboflavin, light and proce' 
effect, Ziegler and Keevil, j , 

Myosin -tdenosinotriphosphatase (, 
tivnty, copper and cyanide, el 
I Binkley, Ward, and HoagIand,\ 
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N 

leic acld(s) Hepatoma, motaboliam, 
|growth relation, Brucs, Tracy, and 
[Cohn, 619 

\er, metabolism, growth relation, 
' Brucs, Tracy, and Cohn, 619 

O 

See also Linseed oil 
nge 0\jgen uptake systems, Hus 
scin, 201 

janic compound (s) IdentiEcation, 
small amounts, distribution studies, 
^Craxg, 519 

eparation, counter current distribu- 
^tion, Craig, 519 

.dase I Amino acid, tissue, Blanch- 
, ard. Green, Nocilo, and Rainer, 421 
■gen Consumption, tissues, atabrme 
effect, Wright and Sabine, 315 
ptake systems, orange, Hussein, 201 

; P 

icreas Fractions, livers, fatty, pan- 
createctomy and insulin, effect, 
Enlenman, Chaikoff, and Monlgom 
cry, 573 

icreatectomy Liver, fatty, insulin 
and, pancreas fractions, effect, En 
Icnman, Chaikoff, and Montgomery, 

673 

fsln Crystalline, pepsitensin and 
anaiotonin, action on, Plenll and 
Page, 379 

isltensln Pepsin, crystalline, action, 
Plenll and Page, 379 

jtldefs) Ammo acids and, Dunn, 
Camien, Rockland, Shankman, and 
Goldberg, 591 

i-Aminobenzoic acid, yeast, isolation, 
Rainer, Blanchard, Cobum, and 
Green, 689 

proteins and, Dunn, Camien, Roc 
land, Shankman, and Goldberg, 

lylalanine Biological products, de 
termination, colorimetric, 

roteins, determination. Brown, 277 


Phosphatase Adeuosinetri-, activity, 
myosin preparations, copper and 
cyanide, effect, Binkley, Ward, and 
Hoagland, 081 

Phosphatide (s) Tissue, thromboplastic 
activity, Chargaff, 387 

Phospholipid (s) Choline determination, 
Enlenman, Taurog, and Chaikoff, 

13 

Liver, cholme, separation, Taurog, 
Enlenman, Fries, and Chaikoff, 19 
Phosphorus Acid soluble, kidney, diet 
deffoiency, effect, tan Wagtendonk, 

337 

— , liver, diet deficiency, effect, van 
Wagtendonk, 337 

Pigment Red, root nodules, legumes, 
Burns and Haas, 227 

Piperazine Diketo-, acyl, transforma 
tions, Bergniann and Ttelzman, 536 
Pituitary Lactogenic hormone, Li, 45 

, detergent, effect, Lt 45 

Polyglucosan Tubercle bacillus, avian, 
isolation, Chargaff and Moore, 493 
Pregnancy Urine pregnanediol glucuron 
ide, chemical constitution. Heard 
Hoffman, and Mack, 007 

Pregnanedlol-3(a),20(o(i Desoxycorti 
costerone conversion, Horwitt, Dorf- 
man, Shipley, and Fish, 213 

Pregnanediol glucuronlde Urine, preg 
nancy, chemical constitution. Heard 
Hoffman, and Mack, 0O7 

Pregnanediol 3 5-<i-glucuromde Syn 
thesis, Huebner, Overman, and Link, 

615 

Protein(s) Amino acids and, Dunn, 
Camien, Rockland, Shankman, and 
Goldberg, jgj 

Hydrolysates, glutamic acid defer 
mination, microbiologica!, Dunn 
Camien, Rockland, Shanlnian, and 
Goldberg, ggj 

Peptides and, Dunn, Camien, Uad 
land, Shankman, and Goldberg, sgi 
Phenylalanine determination, 

277 

Tryptophane determination. nnc;,)0 
logionl Greene and Black, 
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Proteinase Rcnm preparations, renin 
activity, relation, Plcnll and Page, 

363 

Pseudojervlne Veratrum vtnde, Jacobs 
and Craig, 665 

Pyridine 2 Methyl-3 hydroxy-4 car- 
boxy 5 hydroxymethyl-, Huff and 
Perhweig, 3-15 

T— , chemical constitution. Huff and 
Perlzwetg, 345 

— , isolation, urine. Huff and Perlzwetg, 

3-i5 

— , ay nthasia. Huff and Perlzwetg, 3-15 
Pyridoxal Denvative, phosphorylatod, 
tyrosine decarboxylase coonzymo, 
relation, Ounsalus, Bellamtj, and 
Umbreil, 685 

Function, Ounsalus and -Bellamy, 357 
Pyridoxlc acid 4-, pyndoxino metab- 
olism product. Huff and Perlzwetg, 

345 

Pyridoxlne Do6ciency, tryptophane 
metabolism. Retd, Lepkovsky, Bon 
ner, and Tatum, 299 

Derivatives, tyrosine decarboxylation, 
function, Ounsalus and„ Bellamy, 

657 

Determmation, chemical, Hochberg, 
Melntck, and Oser, 109, 119 

Metabolism product. Huff and Perlz- 
wetg, 345 

Stability, Hochberg, Mclntck, and Oser, 

129 

» -I decarboxylation, function, 
and Bellamy, 557 

acid Lactic acid relationship, 
diabetes, Chesler and Himwich, 413 

Q 

Quinine Respiratory enzymes, effect, 
Haas, 321 

R 

Renin Enzyme specificity, Plenll and 
Page, 363, 379 

Proteinase, renin activity, relation, 
Plcnll and Page, 363 

Respiratory enzyme (s) Atabrine efifeot, 
Haas, 321 

Quinine effect, Haas, 321 


Riboflavin Cornea, factors mfluenc 
Bessey and Lowry, 
Determination, ultramicro , Lowry i 
Bessey, 

Milk, light and processing, eff( 
Ziegler and Keevil, 

Rlcinus Lipase, activity, salts, eSi 
Yang and Hsu, 

— , utilization, Yang and Hsu, 
Root nodule (s) Legumes, pigment, i 
Bums and Haas, 

S 

Saline solution Physiological, small 
fcstine, effect, Bucher, Flynn, t 
Robinson, 

Selacbyl alcohol Synthesis, Baer, 1 
bin, and Fischer, 

Skeleton Citrate, acid- and base p 
ducing salt, effect, Leonards t 
Free, I 

Skin See also Epidermis 
Sterold(s) Heard, Hoffman, and Ha 

( 

Hormones, metabolism, Hormtt, Do 
man, Shipley, and Ftsh, 1 
Tissue arginase, effect, Kochakian 

I 

Streptococcus lactls Stimulating fact 
substances enzymatically conve 
iblc, determination, Mtms, Toll 
and Day, -1 

Sulfanilamide Determination, vitaa 
C effect, Karel and Chapman, 
Sulfonamide (s) Vitamin K de&cieno 
relation, Kornberg, Daft, andSebrt 

1 

T 

Thiamine Determmation, fermentatu 
method. Scrimshaw and Slewart, 
— , Lactobacillus fermentum use, Sar 
and Cheldeltn, ^ 

Thlonlne Cysta-, cleavage, hver o 
zyme, Binkley, j 

Thromboplastlc activity Tissue pho 
phatides, Chargaff, ^ 

Tributyrin Isotopic, metabolism, Afoi 
house, ' 

Tryptophane Determination, Sullt t 
and Hess, 
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yptophtme — conlinued 
^oods, determination, microbiological, 
Greene and BlaeK, 1 

and dl-, metabolism difference, 
1 -ilbancse and Frankston, 101 

Metabolism, pyridoxine deficiency, 
I Retd, Lepkovshy, Bonner, and Ta 
ium, 299 

Proteins, determination, microbiologi- 
cal, Greene and Black, 1 

ibercle bacillus Avian, polyglucosan 
isolation, Chargaff and Moore, 493 
Toslne Decarboxylase, coenzyme, 
pyndoxal phosphorylated derivative, 
relation, Gunealm, Bellamy, and 
XJmhreti, 685 

Decarboxylation, pyndoxine and de- 
nvativea, function, Gunaalus and 
Bellamy, 557 

Metabolism in vitro, liver and kidney, 
vitamin C deficiency. Ban and Sea- 
loek, 483 

U 

ine 2 Methyl 3 hydroxyl carboxy 5 
hydroxymethylpyridine, isolation, 
Ruff and Perlzwetg, 345 

Pregnancy, pregnanediol glucuronide, 
chemical constitution. Heard, Hoff- 
man, and Mack, 607 


V 

Valine Metabolism, Bloch, 255 

Tissue, determination, Schwetgerl, 
Mclnltre, Elvehjem, and Strong, 183 
Verafrine Alkaloids, Jacobs and Craig, 

565 

Veratroslne Veratrum virtde, Jacobs 
and Craig, 565 

Veratrum vlrlde Pseudojervine and 
veratroslne, Jacobs and Craig, 565 
Vitamin (s) Bi, nature, Hochberg, Mel- 
nick, and Oser, 119 

C deficiency, tyrosine metabolism 
in vitro, liver and kidney, Lan and 
Sealock, 483 

— , sulfanilamide determination, effect, 
Karel and Chapman, 27 

K, deficiency, sulfonamide produced, 
Kornberg, DaH, and Sebrell, 193 
Water soluble, hair, diet effect, Novak 
and Bergeim, 283 

Y 

Yeast p Aminobenzoic acid peptide, 
isolation, Ratner, Blanchard, Co- 
burn, and Green 689 

Folic acid activity, Bnggs, hockey, 
Elvchjem, and Hart, 687 



